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IN SELECTED NEW ZEALAND VINEYARDS  
 
by Lisa A. Berndt 
 
In this study, buckwheat (Fagopyrum esculentum Moench) and alyssum (Lobularia 
maritima (L.)) flowers were used to examine the effect of floral resources on the efficacy 
of the leafroller parasitoid Dolichogenidea tasmanica (Cameron) in vineyards. This was 
done by assessing the influence of these flowers on parasitoid abundance and parasitism 
rate, and by investigating the consequences of this for leafroller abundance. In laboratory 
experiments, alyssum flowers were used to investigate the effect of floral food on the 
longevity, fecundity and sex ratio of D. tasmanica. 
 
Dolichogenidea tasmanica comprised more than 95 % of parasitoids reared from field-
collected leafrollers in this study. The abundance of D. tasmanica during the 1999-2000 
growing season was very low compared with previous studies, possibly due to the very low 
abundance of its leafroller hosts during the experiment. The number of males of this 
species on yellow sticky traps was increased (although not significantly) when buckwheat 
flowers were planted in a Marlborough vineyard; however, the number of female D. 
tasmanica on traps was no greater with flowers than without. The abundance of another 
leafroller parasitoid, Glyptapanteles demeter (Wilkinson)(Hymenoptera: Braconidae), on 
traps was also not significantly affected by the presence of buckwheat flowers, although 
females of this species were caught in greater numbers in the control than in buckwheat 
plots. 
 
Naturally-occurring leafrollers were collected from three vineyard sites in Marlborough, 
and one in Canterbury during the 2000-2001 season to assess the effect of buckwheat and 
alyssum flowers on parasitism rate. Parasitism rate more than doubled in the presence of 
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buckwheat at one of the Marlborough vineyards, but alyssum had no effect on parasitism 
rate in Canterbury. A leafroller release/recover method, used when naturally-occurring 
leafrollers were too scarce to collect, was unable to detect any effect of buckwheat or 
alyssum on parasitism rate. Mean parasitism rates of approximately 20 % were common in 
Marlborough, although rates ranged from 0 % to 45 % across the three vineyard sites in 
that region. In Canterbury in April, mean parasitism rates were approximately 40 % 
(Chapter 4). Rates were higher on upper canopy leaves (40-60 %) compared with lower 
canopy leaves and bunches (0-25 %).  
 
Leafroller abundance was apparently not affected by the presence of buckwheat in 
Marlborough, or alyssum in Canterbury. Buckwheat did, however, significantly reduce the 
amount of leafroller evidence (webbed leafroller feeding sites on leaves or in bunches) in 
Marlborough, suggesting that the presence of these flowers may reduce leafroller 
populations. Leafrollers infested less than 0.1 % of Cabernet Sauvignon leaves throughout 
the 1999-2000 growing season, but increased in abundance in bunches to infest a 
maximum of 0.5 % of bunches in late March in Marlborough. In Pinot Noir vines in the 
2000-2001 season, leafroller abundance was also low, although sampling was not 
conducted late in the season when abundance reaches a peak. In Riesling vines in 
Canterbury, between 1.5 % and 2.5 % of bunches were infested with leafrollers in April. 
 
In the laboratory, alyssum flowers significantly increased the longevity and lifetime 
fecundity of D. tasmanica compared with a no-flower treatment. However, daily fecundity 
was not increased by the availability of food, suggesting that the greater lifetime fecundity 
was related to increases in longevity. Parasitoids were also able to obtain nutrients from 
whitefly honeydew, which resulted in similar longevity and daily fecundity to those when 
alyssum flowers were present.  
 
The availability of food had a significant effect on the offspring sex ratio of D. tasmanica. 
Parasitoids reared from naturally-occurring leafrollers produced an equal sex ratio, 
assumed to be the evolutionarily stable strategy (ESS) for this species. In the laboratory, 
this ESS was observed only when parasitoids had access to alyssum flowers. Without food, 
or with honeydew only, sex ratios were strongly male-biased. In the field, floral resources 
affected the sex ratio of D. tasmanica only when this species was reared from leafrollers 
released and recovered in Marlborough. In that experiment, buckwheat shifted the sex ratio 
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in favour of female production from the equal sex ratio found in control plots. No firm 
explanations can be given to account for these results, due to a lack of research in this area. 
Possible mechanisms for the changes in sex ratio with flowers are discussed. 
 
This study demonstrated that flowers are an important source of nutrients for D. tasmanica, 
influencing the longevity, fecundity and offspring sex ratio of this species. However, only 
some of the field experiments were able to show any positive effect of the provision of 
floral resources on parasitoid abundance or parasitism rate. More information is needed on 
the role these parasitoids, and other natural enemies, play in regulating leafroller 
populations in New Zealand vineyards, and on how they use floral resources in the field, 
before recommendations can be made regarding the adoption of this technology by 
growers. 
 
 
Key words: Dolichogenidea tasmanica, Braconidae, parasitoid, leafroller, Tortricidae, 
vineyard, habitat manipulation, floral resources, buckwheat, alyssum, longevity, fecundity, 
sex ratio, nectar, flower, conservation biological control 
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1 INTRODUCTION 
 
New Zealand wine is promoted to export markets as “the riches of a clean green land” 
(Anonymous, 1998a). This creates the image of wines that are unpolluted and grown in an 
‘environmentally friendly’ manner. Until recently this was not necessarily the case. For 
example, broad-spectrum insecticides were traditionally sprayed on a ‘calendar’ basis to 
manage invertebrate pests in the vineyard (Hoksbergen, 2000). However, in the mid 1990s, 
the wine industry moved to back up these ‘clean, green’ claims by introducing the New 
Zealand Integrated Winegrape Production (NZIWP) scheme (Clarke, 2000). This system 
for sustainable management has now been applied to nearly 60 % of New Zealand’s 
vineyard area (Parminter, 2001).  
 
In terms of pest control, NZIWP promotes regular monitoring, the use of selective 
insecticides when necessary, and the encouragement of beneficial arthropods (Clarke, 
2000; Hoksbergen, 2000). This system lays the foundation for the development of 
biological control in vineyards. One way to do this is to protect and enhance the biological 
control agents already present. This project aims to investigate this idea in relation to 
leafrollers (Lepidoptera: Tortricidae), which are significant pests of vines in New Zealand 
(Bailey, 1997), and will focus on the provision of floral resources in the vineyard to 
enhance the ecological fitness and efficacy of leafroller parasitoids. 
 
 
1.1 The New Zealand wine industry 
 
The New Zealand wine industry is undergoing major growth, driven by increases in 
overseas demand (Anonymous, 1998b). Part of the reason for this growth is the innovative 
attitude of viticulturists and winemakers in New Zealand, who are not constrained by the 
traditions associated with the industry in older winemaking regions of the world (Bicknell, 
1998; Sunde, 1998). This willingness to adopt new technologies, combined with excellent 
growing conditions, produces top quality wines that are marketed as a premium product 
and are in high demand (Anonymous, 1998a; Bicknell, 1998). 
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Between 1990 and 2000 the total area of vines in this country more than doubled, and the 
export value of wine increased nine-fold from NZ$ 18.4 million to NZ$ 168.6 million 
(Anonymous, 2000). Montana Wines, New Zealand’s largest wine producer, increased 
export sales to Europe from 5000 cases in 1987 to 500 000 cases in 1999 and expects to 
double that in five years (NZPA, 1999). The New Zealand Wine Institute built on this 
growth with a new marketing strategy released in 1998. This strategy presents New 
Zealand wine to the world as a premium quality product from a clean, green land 
(Anonymous, 1998a). The development of the NZIWP scheme is seen as the best way to 
support this marketing image (Fairweather, Campbell and Manhire, 1999). 
 
 
1.1.1 Integrated Winegrape Production 
 
NZIWP is a voluntary vineyard management scheme that aims to encourage practices that 
are environmentally sustainable (Jordan, 1997). This scheme was developed by 
Winegrowers of New Zealand Ltd, in conjunction with growers, and was introduced for 
industry-wide adoption during the 1998-99 growing season (Jordan, 1997). New Zealand is 
one of very few wine producing areas in the world to have this type of potentially 
sustainable management system in place (Fairweather, Campbell and Manhire, 1999). 
Growers working under NZIWP are, among other things, encouraged to increase plant 
diversity within and around the vineyard to encourage beneficial insects (Crosse, 1998). 
Little is known, however, about the impact of various cover crop plants on insect pests and 
their natural enemies. The development of sustainable pest management systems, 
particularly for mealybugs and leafrollers, has been identified as a priority area for research 
by the New Zealand Grape Growers Council (Forrest, 1999). 
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1.1.2 Invertebrate pests of vines 
 
New Zealand viticulturists are fortunate in that there are relatively few arthropod pests of 
vines in this country compared with older wine growing regions overseas (Charles, 1988). 
Sixteen insect or mite pests are listed for New Zealand vineyards by Nicholas, Magarey 
and Wachtel (1994) compared with 19 major and 27 minor pests recorded for California 
(Flaherty et al., 1981). Of the New Zealand pests, no single species is considered to be a 
major problem, although some may cause significant damage in certain areas at certain 
times (Bailey, Furness and Charles, 1994). Mealybugs (Homoptera: Pseudococcidae), 
mites (Acari: Tetranychidae), leafrollers (Lepidoptera: Tortricidae) and phylloxera 
(Homoptera: Phylloxeridae) are the pests that cause the most damage in viticulture in this 
country (Charles, 1988; Bailey, Furness and Charles, 1994). Leafrollers are targeted in this 
project as this group has been highlighted as an issue for viticulture in Marlborough, the 
initial study area selected for this project. Some work on the provision of floral resources 
for natural enemies of leafrollers has been done in pipfruit orchards (Irvin, 1999; Irvin et 
al., 1999), providing a useful starting point for the development of a similar system in 
vines.  
 
 
1.2  Leafroller biology and pest status 
 
Tortricid leafrollers are pests of a wide range of crop types around the world. Most 
research focuses on leafrollers on pipfruit (e.g. MacLellan, 1973; Blommers, Helsen and 
Vaal, 1988; Agnello et al., 1996; Irvin, 1999), but they are also pests of stonefruit (Moleas 
et al., 1996; Lo et al., 1998), berryfruit (Scott, 1984), citrus (Flaherty, Pehrson and 
Kennett, 1973), tea (Subbiah, 1988), timber (Nuttall, 1983) and grapes (Bournier, 1976; 
Kido et al., 1981; Bailey et al., 1994), among other crops. 
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1.2.1 Species complex and distribution 
 
Six species of leafroller are considered to be significant pests in New Zealand fruit crops. 
Epiphyas postvittana (Walker) (lightbrown apple moth or LBAM) probably arrived in this 
country on fruit imported from Australia in the 1880s (Thomas, 1987). It is a highly 
polyphagous species and is present throughout the country (Suckling et al., 1998). 
Planotortrix excessana (Walker) and P. octo Dugdale (greenheaded leafrollers), and 
Ctenopseustis obliquana (Walker) and C. herana Dugdale (brownheaded leafrollers) are 
New Zealand endemics and are moderately polyphagous (Dugdale, 1990; Suckling et al., 
1998). In some areas, another endemic species, Cnephasia jactatana (Walker), can also be 
a problem, particularly on kiwifruit (Suckling et al., 1998; Stevens and McKenna, 1999). 
Many other endemic leafroller species are also present in this country, but they are rarely 
found on horticultural crops and are not considered to be pests (Dugdale, 1990). 
 
The distribution of the different leafroller species is highly variable across location and 
crop type (Foster, 1990). Canefruit gardens in Hawke’s Bay were dominated by E. 
postvittana but C. obliquana and P. octo were also present (Charles, Walker and White, 
1996). In the same region, a sample of leafrollers on non-crop species was dominated by C. 
obliquana, with E. postvittana, P. octo, and C. jactatana also present (Suckling et al., 
1998). On non-crop species in the Nelson region E. postvittana, P. excessana, C. 
obliquana, and C. herana were equally abundant, and P. octo and Cnephasia jactatana 
were also present (Suckling et al., 1998). In Marlborough, C. obliquana, C. herana, P. 
excessana, and E. postvittana have been found (Foster, 1990). On non-crop species in 
Canterbury (where fieldwork for this project was also conducted), C. herana and E. 
postvittana were most abundant, with P. octo also present in significant numbers. Small 
numbers of C. obliquana and P. excessana were also found (Suckling et al., 1998).  
 
The only information available on the distribution of leafroller species in New Zealand 
vineyards is an extensive unpublished pest and disease survey conducted by the Ministry 
of Agriculture and Fisheries (Dance, 1994). This survey recorded the presence or absence 
of pest species in every district in which there were vines to sample. Epiphyas postvittana 
was recorded in all districts except Northland and Wellington, C. obliquana occurred in all 
districts except Northland, Bay of Plenty and Central Otago, and P. excessana was found 
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in all districts except Northland, Coromandel, Wanganui and Central Otago. Ctenopseustis 
herana and P. octo were not recorded in any district. 
 
1.2.2 Biology 
 
The biology of all six leafroller species appears similar (Baker, Bailey and Charles, 1994), 
although most research has focused on E. postvittana. Because of this, their life history 
will be discussed as a group. Leafrollers are multivoltine, with the number of generations 
per year varying with temperature, from four in Northland to two in Southland (Thomas, 
1998a). Generations overlap and there is no winter diapause (Penman, 1984). Leafrollers 
spend the winter in a prolonged larval stage (usually second, third or fourth instars) and 
adults are present from October to May (Wearing et al., 1991; Green, 1998; Thomas, 
1998a; Thomas, 1998b). In orchards, larvae may overwinter on mummified fruit, on fallen 
leaves, under bark or on ground cover plants (Wearing et al., 1991). Other plants, such as 
gorse (Ulex europaeus L.) and broom (Cytisus scoparius L.), may also harbour 
overwintering larvae (Wearing et al., 1991). 
 
The larvae are the injurious life stage. Leafrollers go through five or six larval instars 
(Baker, Bailey and Charles, 1994; Green, 1998; Thomas, 1998b), with dispersal occurring 
in the first instar. Once the larvae settle on leaves or fruit they spin a protective webbing 
tent under which they feed. As the larvae grow they may web leaves together, form a 
leafroll, or form a shelter between fruits, where they continue to feed. In most crops it is 
the injury they do to fruit that causes the greatest economic losses.  
 
 
1.2.3 Pest status 
 
On grape vines, leafroller larvae feed on leaves and flowers, and penetrate the grape 
bunches and feed on the stems and the fruit (Lo and Murrell, 2000). When leafrollers feed 
on flowers and young berries a direct loss of yield can result, as the vine does not 
compensate for lost fruit (Bailey, 1997). Later in the season, leafroller damage to ripening 
berries can make them more susceptible to infection by botrytis (Botrytis cinerea Pers. Fr.), 
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a fungus that causes bunch rot (Tate, Balasubramaniam and Charles, 1995; Bailey, 1997; 
Lo and Murrell, 2000). Leafrollers are also capable of transmitting botrytis by carrying 
conidia on their cuticle as well as distributing them via faecal pellets (Bailey et al., 1997). 
This fungus frequently causes significant losses in grape crops (Fowler et al., 1999), so a 
reduction in leafroller populations may help reduce the problem of botrytis. This influence 
of leafrollers on the impact of botrytis is considered more important in terms of yield 
losses than the direct effects of leafroller feeding (Lo and Murrell, 2000). 
 
In New Zealand, leafroller populations increase throughout the summer. In Hawke’s Bay 
vineyards fewer than 0.5 % of bunches are infested before January, increasing to around 5 
% in March, although 29 % infestation has been recorded (Lo and Murrell, 2000). By 
contrast, in Victoria, Australia, leafroller populations were highest during spring and 
declined throughout the summer (Buchanan, 1977). In the Hawke’s Bay, financial losses 
due to leafrollers were estimated at $60-$360/ha (Lo and Murrell, 2000). This estimate was 
made for an unusually dry year. In wetter years, when the incidence of botrytis due to 
leafroller damage would be greater, the estimated losses would increase. The large range in 
the estimated losses is due to the high level of variability in leafroller populations, with 
weather and grape varieties playing a key part in leafroller abundance (Lo and Murrell, 
2000). 
 
Research is required in New Zealand to establish economic thresholds for leafrollers in 
grape vines to enable growers to make informed decisions on when to use insecticides 
(Wood, 1997). A project is currently under way to address this issue, which, when 
completed, will contribute to the NZIWP guidelines (Anonymous, 2001a). In Australia, 
thresholds for egg masses and larvae have been developed by the Institute for Horticultural 
Development (Clancy, 1997). According to these thresholds, intervention is required when 
more than three unparasitised egg masses are found per 1000 leaves, or more than eight 
larvae per 50 shoots, or four larvae per 50 bunches. 
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1.3  Current control measures 
 
Methods of arthropod pest control in New Zealand vineyards are highly variable and 
constantly changing. The traditional method has been calendar spraying, where pesticides 
are sprayed every 14-21 days regardless of pest abundance (Hoksbergen, 2000). With the 
increasing pressure from export markets for more sustainable production methods (Sunde, 
1998), and an increased interest in sustainability in the wider community (Fairweather, 
Campbell and Manhire, 1999), the wine industry has responded with the introduction of 
the NZIWP scheme. Under this scheme, calendar spraying of broad-spectrum pesticides 
gives way to regular monitoring and targeted spraying of more selective pesticides 
(Hoksbergen, 2000). The introduction of these methods allows the development of 
biological control techniques. Interest in biological control is strong within the industry 
(personal observation), but, as yet, there has been little research into this in New Zealand. 
 
 
1.3.1 Insecticides 
 
The New Zealand Export Wine Grape Spray Schedule for the 2000-2001 season lists 16 
insecticides registered for use on grapes intended for export and most of these products 
will adequately control leafrollers (Clarke, 2000). However, only five are available to 
control leafrollers under NZIWP. They are Bt (Bacillus thuringiensis Berliner), 
chlorpyrifos, diazinon, buprofezin and tebufenozide (‘Mimic’). Bt, a biological insecticide 
that includes toxins specific to Lepidoptera, is the only one listed as ‘acceptable use’ under 
NZIWP. Buprofezin and tebufenozide are listed as ‘qualified use’, and the 
organophosphates chlorpyrifos and diazinon are ‘not recommended’, although allowed, 
under this scheme (Clarke, 2000). 
 
An important aspect of the use of insecticides on grapes are the withholding periods 
imposed by the various export markets to protect against residues appearing in the wine. 
Only Bt and oil sprays have no withholding periods (Clarke, 2000). However, even these 
are largely ineffective past the ‘pre-bunch closure’ stage of grape bunch development, as 
this is the last stage at which sprays will penetrate the bunches of most grape cultivars. As 
leafrollers (in New Zealand at least) cause most damage inside the bunches after bunch 
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closure (Lo and Murrell, 2000), the detection and control of small leafroller populations 
before this stage may be critical in managing outbreaks nearer harvest. Because of this lack 
of means to control leafroller outbreaks late in the season, encouraging leafroller natural 
enemies may be especially valuable in grapes, as they can continue to exert pressure on 
leafroller populations up to harvest. 
 
At Squire Estate Vineyard (Montana Wines Ltd, Marlborough), the primary field site for 
this project, chlorpyrifos (a broad spectrum contact insecticide) was the main method of 
leafroller control up to and including the 1999-2000 season, although it was applied only 
when it was considered necessary, to vulnerable (thin skin, tight bunch) cultivars (B. Arnst, 
pers. comm.). For the 2000-2001 season, no insecticides were used at this vineyard, 
although the use of tebufenozide was considered, as an alternative to chlorpyrifos. At 
Giesen Wine Estate in Canterbury, the other main field site for this project, no insecticides 
are used because, although leafrollers are present, they are not considered a problem (B. 
Green, pers. comm.). 
 
 
1.3.2 Pheromones 
 
Leafroller sex pheromones can be used for mating disruption, in which synthetic 
pheromones are used to interfere with successful mating, and so reduce egg-laying 
(Howse, Stevens and Jones, 1998). This technique has produced positive results in apple 
orchards in Nelson, where no lightbrown apple moths were caught in pheromone traps 
within an orchard following treatment with pheromone (Suckling and Shaw, 1990). Mating 
disruption techniques for lightbrown apple moth have been used in vineyards in New 
Zealand and Australia for a number of years with varying rates of success (Bailey, 1997). 
Pheromone baited sticky traps are used to monitor leafroller phenology and abundance to 
enable accurate timing of sprays, however, there is no reliable correlation between 
abundance of male moths in the traps and larval abundance in the crop (Charles, Walker 
and White, 1996). 
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1.3.3 Biological control 
 
Because of the traditional reliance on pesticides in vineyards, biological control has not 
been widely investigated in New Zealand. The new NZIWP environment has resulted in 
greater awareness of, and interest in biological control. Most of this interest has focussed 
on enhancing natural enemies that are already present, through habitat manipulation and 
reduction in pesticide use. The interest in habitat manipulation to enhance leafroller natural 
enemies has largely originated from research conducted at Lincoln University (this thesis, 
Stephens et al., 1998; Irvin, 1999), and through promotion of the concept by Fruitfed 
Supplies (a division of Williams and Kettle Ltd). Fruitfed Supplies, a horticultural supply 
company, has recently moved into the provision of crop monitoring services in response to 
the increasing focus on integrated pest management in horticulture (B. Mackie, pers. 
comm.). Through this work it promotes the use of flowering plants to encourage natural 
enemies, and sells ‘wasp hotels’ to provide nest sites for Ancistrocerus gazella (Panzer) 
(Hymenoptera: Eumenidae) (Anonymous, 2001b), a predator of leafroller larvae (Harris, 
1994b). 
 
Previous work on leafroller biological control has centred on parasitoid introductions to 
contribute to integrated pest management programmes in fruit crops (Thomas, 1987). This 
has involved importations and releases of various parasitoid species (discussed in the 
following section), all originating from Australia, and mostly introduced between 1967 and 
1969 (Thomas, 1987). Three of seven species introduced during this period successfully 
established and spread, assisted by redistribution by humans (Thomas, 1987; Shaw, Lo and 
Wallis, 2001). There is no evidence that these introductions have resulted in improved 
control of pest leafrollers (Green, 1984).  
 
Inundative release of egg parasitoids is an additional method of leafroller control available 
to viticulturists in Australia (Bailey, 1997), but has not been adopted in New Zealand. 
Epiphyas postvittana egg parasitoids in the genus Trichogramma are available 
commercially, and releases of 60,000 wasps per hectare, three times over the season, are 
recommended (Bailey, 1997). This technique is relatively new, however, and its 
effectiveness in reducing damage to grapes is as yet unproven (Bailey et al., 1994; Bailey, 
1997; Glenn and Hoffmann, 1997).  
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1.4  Leafroller natural enemies 
 
Natural enemies can be divided into four groups: pathogens, parasites, predators and 
parasitoids. Although there are pathogens and parasites that attack leafrollers (Thomas, 
1987), the natural enemies of interest to this study are the arthropod predators and, in 
particular, the parasitoids. 
 
 
1.4.1 Predators 
 
Predators of E. postvittana in Australia include spiders (Araneae, especially Theridiidae), 
earwigs (Forficula auricularia L., Dermaptera: Forficulidae), predatory mites (Acari), 
lacewing larvae (Neuroptera: Chrysopidae) and predatory bugs (Hemiptera: Miridae) 
(MacLellan, 1973; Danthanarayana, 1983; Baker, Bailey and Charles, 1994). In New 
Zealand, German wasps (Vespula germanica (F.), Hymenoptera: Vespidae) (Thomas, 
1965) and the wasp A. gazella (Harris, 1994a; Harris, 1994b) have been recorded as 
predators of leafrollers. Spiders, earwigs, mites, lacewings (Hemerobiidae in New 
Zealand), and predatory bugs may also be important in this country. Of these predators, 
lacewings (Long et al., 1998) and A. gazella (Harris, 1994a) are known to feed on floral 
resources, and so the activity of these predators may be enhanced by the methods 
developed in this project. Other predators may benefit from the shelter or alternative prey 
provided by flowering cover crops. 
 
In a study in Australian pipfruit orchards, population fluctuations were related, in part, to 
the mortality of eggs and first instar larvae of E. postvittana (Danthanarayana, 1983). This 
mortality was mainly due to arthropod predators. In that study, parasitoids were 
unimportant in reducing populations. In another study, also in Australian pipfruit orchards, 
the greatest mortality of E. postvittana (between 75 % and 83 % of eggs laid) occurred 
among neonate larvae, between egg-hatch and the establishment of the larvae in webbing 
shelters (MacLellan, 1973). This was attributed to predation, dispersal, desiccation and 
failure to feed. Parasitoids were a significant cause of mortality among E. postvittana eggs, 
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established larvae (after the creation of a webbing shelter) and pupae. However, because 
the greatest mortality occurred before larval establishment, parasitoids did not have a 
significant influence on populations (MacLellan, 1973). In New Zealand, a study of 
leafrollers on apple (Malus pumila cv. Dougherty) in Auckland also found that the greatest 
mortality occurred among neonate larvae, and that parasitoids had comparatively little 
impact on leafroller populations (Green, 1984).   
 
 
1.4.2 Parasitoids 
 
At least 22 hymenopteran parasitoids belonging to five families parasitise leafrollers in 
New Zealand (Early, 1984; Thomas, 1987; Charles, Walker and White, 1996; Suckling et 
al., 1998). Of these, three are egg parasitoids, 15 are larval parasitoids and four are pupal 
parasitoids. In addition there are three dipteran larval parasitoids from the family 
Tachinidae (Thomas, 1987). Parasitism by egg parasitoids (Trichogrammatidae) varies 
greatly, but has commonly been recorded at less than 10 %, although rates up to 90 % have 
been found (Thomas, 1987).  
 
Dolichogenidea tasmanica (Cameron) (Hymenoptera: Braconidae) is the dominant 
parasitoid species over most of the country (Thomas, 1987), making up more than 90 % of 
parasitoids reared from larvae in some areas (Charles, Walker and White, 1996). Five other 
larval or larval/pupal parasitoids are also commonly found, although their parasitism rates 
are generally low: Glyptapanteles demeter (Wilkinson) (Hymenoptera: Braconidae), 
Diadegma sp. (Hymenoptera: Ichneumonidae), Goniozus jacintae Farrugia (Hymenoptera: 
Bethylidae), Pales funesta (Hutton) and Trigonospila brevifacies (Hardy) (both Diptera: 
Tachinidae) (Charles, Walker and White, 1996; Suckling et al., 1998; Clearwater, 2000). 
Of these, G. demeter and P. funesta are endemic to New Zealand (Valentine and Walker, 
1991), with the remainder mostly originating from Australia and are either self introduced 
or officially released (Thomas, 1987; Berry, 1998). A Palaearctic species, Dolichogenidea 
sicaria (Marshall) (previously Apanteles sicarius) has been recorded as a leafroller 
parasitoid in New Zealand (Early, 1984), but this was based on an incorrect identification 
(Valentine and Walker, 1991; Austin and Dangerfield, 1992). Pupal parasitoids, such as 
Glabridorsum stokesii (Cameron) (Hymenoptera: Ichneumonidae), which was introduced 
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from Australia, are uncommon (Thomas, 1987). The role that these parasitoids play in 
reducing leafroller populations in fruit crops has not yet been examined in New Zealand 
(Charles, Walker and White, 1996).  
 
On average, 15 % of leafrollers collected in a study in Hawke’s Bay, Nelson and 
Canterbury were parasitised by D. tasmanica, although the rate varied considerably with 
location, date and host plant (Suckling et al., 1998). Others have reported parasitism rates 
of 20 % to 51 % (Dumbleton, 1935). Dolichogenidea tasmanica may be less important in 
the north of the North Island, as one study of leafrollers in a vineyard in Pukekohe found 
only G. demeter parasitising E. postvittana (Tate, Balasubramaniam and Charles, 1995).  
 
Dolichogenidea tasmanica is an arrhentokous, solitary, koinobiont endoparasitoid, 
probably self introduced to New Zealand from Australia with its host, E. postvittana 
(Dumbleton, 1935; Early, 1984). An egg is laid in a first instar leafroller larva, and the 
parasitoid larva emerges once the leafroller is half to three-quarters grown (Dumbleton, 
1935). The parasitoid larva spins a white cocoon around itself, emerging as an adult 
between 13 and 24 days later (at 15 oC, personal observation). The total generation time for 
this species is around two months in late summer, about 10 days fewer than the generation 
time of its host (Dumbleton, 1935). Parasitoids overwinter as larvae in the overwintering 
host larvae (Dumbleton, 1935). In New Zealand, D. tasmanica attacks endemic leafroller 
species, in addition to its co-evolutionary host E. postvittana. However, the rate of 
parasitism is higher in the latter host than in the New Zealand species (Suckling et al., 
2001). 
 
 
1.5  Biological control 
 
Biological control can be defined as the use of a natural enemy to reduce the abundance of 
a population of a pest organism, and so limit its harmful effects (Samways, 1981). The first 
successful use of a biological control agent in western agriculture was the introduction of 
the vedalia beetle (Rodolia cardinalis (Mulsant)) to Californian citrus orchards in 1888 to 
control cottony cushion scale (Icerya purchasi Maskell) (Van Driesche and Bellows, 
1996). This success stimulated research into biological control and was the start of a new 
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era in pest control which is only now, more than a century later, becoming an accepted part 
the pest management paradigm (Waage, 1996). While biological control is still seen as 
recent phenomenon in western agriculture, in China it has long been an integral part of 
agricultural practice (Olkowski and Zhang, 1998). 
 
Biological control is likely to be important to future development in agriculture due to the 
increasing emphasis placed on the use of sustainable methods of production (Fairweather, 
Campbell and Manhire, 1999). At its best, it promises a method of pest control that is risk 
free to humans and the environment, is inexpensive, and self-sustaining (Gurr and Wratten, 
2000). The achievement of this ideal not only requires extensive research into the biology 
of the pests and natural enemies involved, but also a good knowledge of the agricultural 
environment and its surroundings (Gurr and Wratten, 1999).  
 
 
1.5.1 Aspects of biological control 
 
There are three approaches to biological control: classical, augmentation, and conservation 
(Van Driesche and Bellows, 1996). Classical biological control involves the introduction 
of a new natural enemy to an area in the hope that it will establish and control the target 
pest. The vedalia beetle introduction mentioned above is an example of this. Augmentative 
biological control involves the release of a natural enemy to increase its numbers in a crop 
system in a particular growing season. These releases may be inoculative, where the 
natural enemies are expected to reproduce during the growing season, or inundative, where 
pest control is achieved by the released individuals themselves (Van Driesche and Bellows, 
1996). Lacewings (Daane et al., 1996) and parasitoid wasps (Bailey et al., 1994) are two 
examples of natural enemies that have been used in augmentative biological control. 
Conservation biological control has a more ecosystem-wide standpoint. It involves the 
“manipulation of the environment to enhance the survival, fecundity, longevity and 
behaviour of natural enemies to increase their effectiveness” (Landis, Wratten and Gurr, 
2000, p. 175). This approach to biological control will be discussed in more detail, as the 
subject of this thesis comes under this category. 
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1.5.2 Conservation biological control and habitat manipulation 
 
Conservation biological control is a relatively new approach which is rapidly gaining in 
popularity (Gurr, Wratten and Barbosa, 2000). It encompasses the modification of the 
environment to enhance, as well as the careful use of pesticides to protect, natural enemies 
(Bugg and Pickett, 1998). One aspect of conservation biological control, the modification 
of the environment to enhance natural enemy activity, intersects with the concept of habitat 
manipulation (Gurr, Wratten and Barbosa, 2000). Habitat manipulation involves the 
diversification of agricultural ecosystems with the aim of reducing pest pressure, and so 
has a wider application than just enhancing natural enemies (Root, 1973; Gurr, Wratten 
and Barbosa, 2000).  
 
There are certain resources required by various natural enemies that are targeted in 
conservation biological control and habitat manipulation. These resources may be food, 
such as nectar and pollen, shelter from disturbances, or alternative hosts or prey (Landis, 
Wratten and Gurr, 2000). Resources such as these are usually rare in typical western 
agroecosystems due to low plant diversity resulting from monocultural cropping practices 
(Wratten, van Emden and Thomas, 1998; Landis, Wratten and Gurr, 2000). This project 
focuses on the provision of nectar and pollen for natural enemies, as this is recognised as 
one of the most important factors affecting parasitoids (Jervis, Kidd and Heimpel, 1996). 
 
 
1.6  Provision of floral resources 
 
Many adult parasitoids require nutrients in the form of nectar and/or pollen (Leius, 1960; 
van Emden, 1963; Powell, 1986; Jervis, Kidd and Walton, 1992; Jervis, Kidd and Heimpel, 
1996). Carbohydrate-rich nectar provides energy, and pollen, which is often ingested with 
nectar, may provide nutrients for egg production in some species (Jervis, Kidd and 
Heimpel, 1996). Other natural enemies such as lacewings (Patt, Hamilton and Lashomb, 
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1997b) and hoverflies (MacLeod, 1999) may also require food from flowers. The provision 
of these resources by planting flowers in an agroecosystem could therefore result in an 
increase in natural enemy abundance and an associated increase in biological control of 
pests.  
 
 
1.6.1 Measures of success 
 
Achieving success in the provision of floral resources in the field can be seen as a 
hierarchy of research outcomes, which increase in their level of difficulty to obtain 
(Wratten et al., 2000). The lowest level of success is to demonstrate an increase in the 
abundance of natural enemies. The mechanism for this may be to encourage aggregation 
and so increase the size of the natural enemy population locally. The second level is to 
show an increase in the rate of predation or parasitism of the pest. The third level in the 
hierarchy is to demonstrate a reduction in the pest population. The fourth level, which can 
be seen as the ultimate goal of any biological control program, is to reduce the target pest 
population below an economic threshold. In addition to these field-based outcomes, it is 
also useful to investigate the mechanisms involved, such as an increase in the longevity 
and fecundity of natural enemies in the presence of floral resources; this requires 
laboratory-based research (Wratten et al., 2000). 
 
 
1.6.2 Field-based research 
 
Many experiments have shown that the presence of flowers in an agroecosystem can 
increase the abundance of natural enemies: the first level in the above hierarchy. For 
example: numbers of beneficial insects increased in lettuce in the presence of a range of 
flower species (Chaney, 1998); hoverflies were more abundant in cereal fields in the 
presence of planted flowers (Hickman and Wratten, 1996; MacLeod, 1999); more 
aphidophagous predators were present in a Swiss apple orchard with flowering weed strips 
than in one without weed strips (Wyss, 1995). The abundance of the leafroller parasitoid 
D. tasmanica has also been increased by planting buckwheat (Fagopyrum esculentum 
 16 
Moench) and broad bean (Vicia faba L.) in a New Zealand apple orchard (Irvin, Wratten 
and Frampton, 2000). 
 
Other work has taken this further, to the second level of the hierarchy, and found an 
increase in biological control of a pest in the presence of flowers. For example, predators 
consumed more Colorado potato beetle (Leptinotarsa decemlineata (Say), Coleoptera: 
Chrysomelidae) egg masses in the presence of dill (Anethum graveolens L.) flowers in 
eggplant fields (Patt, Hamilton and Lashomb, 1997b), and coriander (Coriandrum sativa 
L.) and faba bean (V. faba) planted next to potato plots increased the parasitism rate of the 
potato moth (Phthorimaea operculella (Zeller), Lepidoptera: Gelechiidae) by Copidosoma 
koehleri Blanchard (Hymenoptera: Encyrtidae) (Baggen and Gurr, 1998). Irvin, Wratten 
and Frampton (2000) also reported a significantly greater parasitism rate of leafrollers on 
one sample date in an apple orchard with buckwheat and broad bean, compared with that 
found in control plots. 
 
Pest populations have been reduced in some studies by the provision of flowers to enhance 
natural enemies. Patt, Hamilton and Lashomb (1997b) achieved this third level of the 
hierarchy when they found that dill in eggplant fields reduced the survivorship of Colorado 
potato beetle larvae. Another study found fewer aphids in cabbage plots with a border of 
phacelia (Phacelia tanacetifolia Bentham) than in those without (White et al., 1995). 
 
The fourth level of the hierarchy, to reduce the pest below an economic threshold, is the 
most difficult to demonstrate. Very few, if any, studies dealing with the provision of 
flowers to enhance natural enemies have achieved it, and there appear to be no published 
examples. The difficulty of achieving this fourth level of success may be because the 
provision of flowers for natural enemies is not a stand-alone technique. It may be most 
useful in conjunction with other biological control or integrated pest management methods, 
to enhance the effectiveness of classically or augmentatively released natural enemies 
(Gurr and Wratten, 1999), or incorporated with the use of selective insecticides (Ruberson, 
Nemoto and Hirose, 1998). 
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1.6.3 Laboratory-based research 
 
In addition to field-based studies, such as those described above, it is important to 
investigate the influence of floral resources on the survival, fecundity and search efficiency 
of parasitoids targeted in habitat manipulation studies (Jervis, Kidd and Heimpel, 1996; 
Gurr, van Emden and Wratten, 1998). This type of work highlights the mechanisms behind 
the provision of floral resources for natural enemies, and is important in developing a 
greater understanding of the results of field-based research.  
 
Although there are many studies on the effect of food on measures of parasitoid fitness 
(such as longevity, fecundity and offspring sex ratio), these are mostly in relation to 
improving mass production for release (e.g. Hegazi, El Minshawy and Minshawy, 1981; 
Chien, Chu and Ku, 1994; Leatemia, Laing and Corrigan, 1995; Sagarra, Vincent and 
Stewart, 2000). Few studies have investigated the effect of floral food sources on 
parasitoid fitness in relation to their efficacy as biological control agents (Jervis, Kidd and 
Heimpel, 1996).  
 
Studies that have investigated parasitoid biology in the presence of flowers have found that 
longevity is increased when flowers are available, compared with water only (Yadav, 
1985; Irvin et al., 1999; Johanowicz and Mitchell, 2000). When fecundity is measured, this 
is also increased with floral food (Yadav, 1985). The effect of food on offspring sex ratio is 
highly variable. Yadav (1985) found that nectar had no effect on the sex ratio of Bracon 
brevicornis Wesmael (Hymenoptera: Braconidae); however, other studies found that 
carbohydrate foods may affect sex ratio in favour of females (Manojlovic and Sivcev, 
1995; Khafagi, 1998). 
 
 
1.6.4 The choice of flower species 
 
The choice of flower species is important to the success of the provision of floral resources 
for biological control. Different species vary in the quantity of nectar and pollen produced, 
and in the seasonal and diurnal phenology of flowering and nectar secretion (Patt, 
Hamilton and Lashomb, 1997a). The flowers used have to provide sufficient food to 
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natural enemies over the whole growing season of the crop. The architecture of the flower 
is also important in achieving success. Suitable flowers have shallow corollae or exposed 
nectaries to enable short-tongued parasitoids to reach the nectar. The corolla tube must also 
be wider than the target parasitoid’s head to allow access to nectar (Patt, Hamilton and 
Lashomb, 1997a).  
 
The suitability of different flower species for encouraging natural enemies has been 
investigated by a number of authors (e.g., Leius, 1960; Idris and Grafius, 1995; Patt, 
Hamilton and Lashomb, 1997a; Baggen and Gurr, 1998; Chaney, 1998). As each study 
evaluated different plant species for different natural enemies in different cropping 
systems, there is no consensus about which flower species is ideal for attracting natural 
enemies. There are, however, a few species for which promising results have been 
obtained: alyssum (Lobularia maritima (L.)) attracted the most natural enemies out of 22 
plant species tested (Chaney, 1998); phacelia increased the abundance of hoverflies and 
reduced cereal aphid populations (Lövei et al., 1992; Hickman and Wratten, 1996); and 
buckwheat and coriander increased the fecundity and longevity of C. koehleri, a parasitoid 
of the potato moth (Baggen and Gurr, 1998). Buckwheat and alyssum have been chosen as 
candidate flower species for this project. The reasons for this choice are outlined below. 
 
Flower species chosen as floral resources for natural enemies not only need to be attractive 
to these insects, they also need to have an agronomy and flowering phenology suitable for 
the cropping system. In perennial fruit crops, such as grapes, apples and stone fruit, the 
plants providing floral resources must not grow into the fruit tree canopy, or obstruct 
machinery moving along the rows. If the plants are difficult to sow or maintain, or if they 
interfere with the crop in any way, growers will be less willing to use them to enhance 
biological control. The phenology of the flowers is also important, as it must at least 
overlap with the phenologies of the pest and the target natural enemy (Barbosa, 1998).  
 
Buckwheat (cv. Shinano Natsu) can increase longevity, parasitism rates and abundance of 
the leafroller parasitoid D. tasmanica in apple orchards (Stephens et al., 1998; Irvin, 1999; 
Irvin et al., 1999). This plant is also commonly used as a floral understorey in Russian 
orchards to provide food for adult Trichogramma spp. which parasitise codling moth eggs 
(Zandstra and Motooka, 1978). In Canterbury, New Zealand, buckwheat has a short 
sowing to flowering time and can flower from November to May (Bowie, Wratten and 
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White, 1995), covering most of the grape-growing season. It is a frost sensitive annual and 
so it would not be a potential overwintering habitat for leafrollers.  
 
Alyssum (cv. Carpet of Snow) was chosen as it is a low growing perennial that flowers 
prolifically from early spring to late autumn. Its low growth habit has practical potential as 
it does not interfere with crops or machinery, and it does not need to be replanted yearly. 
The long flowering season covers the entire grape-growing season of October to April.  It 
is attractive to beneficial insects, but not to pests (Chaney, 1998). Dolichogenidea 
tasmanica feeds on alyssum, and an increase in abundance of this parasitoid occurred in 
the presence of these flowers (Irvin, 1999). Laboratory choice tests have found that both 
alyssum and buckwheat plants are less attractive to leafroller larvae than are apple leaves 
(Irvin, 1999).  
 
Although little work on the use of floral understoreys has been done in winegrape 
vineyards, this crop system is ideally suited to biological control. Wine grapes are a 
processed crop so growers can tolerate a small number of pests, unlike the “zero-tolerance” 
limits of the fresh fruit export markets (Charles, 1988). This tolerance of a small pest 
population is important because a conservation biological control system can never be 
expected to eradicate a pest population, only keep it at low levels. Natural enemies need 
some pests to be present to maintain the population. Floral understoreys have the potential 
to fit into viticultural practices as many growers already plant various types of cover crop 
for weed suppression, to improve soil quality, to reduce erosion and for vine devigouration 
(Miller et al., 1989). A careful investigation of the qualities of proposed flower species 
could combine these uses with the provision of nectar and pollen to enhance natural enemy 
activity to the benefit of the grower. 
 
 
1.7  Objectives 
 
The aim of this project is to investigate whether, and to what extent the provision of floral 
resources acts in a vineyard environment to enhance the efficacy of leafroller parasitoids, 
and to examine how the fitness of the leafroller parasitoid D. tasmanica is affected by 
flowers. With the available time and resource constraints, it was considered beyond the 
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scope of this project to develop a protocol for the use of flowers to enhance biological 
control in commercial vineyards. It was also beyond the scope of this project to investigate 
the ecology and pest status of leafrollers in New Zealand vineyards. The objectives that 
will be addressed by this thesis are: 
 
1. To investigate the effect of buckwheat on the abundance of leafrollers and their 
parasitoids in the vineyard (Chapter 2). 
2. To investigate the effect that buckwheat and alyssum have on leafroller parasitism rates 
and parasitoid offspring sex ratios in the vineyard (Chapters 3 and 4). 
3. To investigate the effect of alyssum on longevity, fecundity and offspring sex ratio of 
D. tasmanica in the laboratory (Chapter 5). 
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2 THE EFFECT OF BUCKWHEAT FLOWERS ON THE ABUNDANCE 
OF LEAFROLLERS AND THEIR PARASITOIDS 
 
Yellow sticky traps were used to compare leafroller parasitoid abundance in buckwheat 
and control plots in a Marlborough vineyard in the 1999-2000 growing season. At the same 
time, the abundance of leafroller larvae on the vines was assessed. The objective of this 
experiment was to investigate if buckwheat flowers increase the abundance of the leafroller 
parasitoids Dolichogenidea tasmanica and Glyptapanteles demeter, and to determine if the 
presence of these flowers has an effect on the abundance of leafroller larvae. 
 
 
2.1 Parasitoid abundance 
 
 
2.1.1 Introduction 
 
Sticky traps are commonly used to assess the relative abundance of insects (e.g. Samways, 
1986; Robin and Mitchell, 1987; Rice and Michailides, 1988; Heng Moss et al., 1999). 
These traps attract and/or intercept flying and wind-blown insects and capture them on an 
adhesive surface (Southwood, 1978). A number of factors affect the efficiency of sticky 
traps: quality of the adhesive (Southwood, 1978); size and shape (Southwood, 1978; 
Muirhead-Thomson, 1991); orientation (Muirhead-Thomson, 1991); location (Trimble, 
1988b); colour (Kirk, 1984; Trimble and Brach, 1985); physiological state of the insects 
(Schneider, 1969; Hickman et al., 2001); and weather conditions during the trapping 
period (Southwood, 1978).  
 
Different trap colours can be used to attract certain groups of insects, according to their 
favoured habitat. Insects associated with foliage are generally most attracted to yellow 
traps, whereas biting flies and wood borers favour dark colours, such as black or red (Kirk, 
1984). Flower-dwelling insects are more variable in their response to trap colour, but are 
commonly attracted to white, yellow or blue. Natural enemies may exhibit a similar 
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response to trap colour as their prey (Kirk, 1984), however, the colour preferences of 
parasitoids have been studied for only a few species (Trimble and Brach, 1985). 
 
Yellow sticky traps have been used to catch parasitoids in a number of studies (e.g. 
Trimble and Brach, 1985; Samways, 1986; Trimble, 1988b; Irvin, 1999), as well as other 
natural enemies, such as lacewings (Neuroptera) and ladybirds (Coleoptera: Coccinellidae) 
(Rohitha and Penman, 1986). Yellow traps have also been used to catch hoverflies, 
although yellow water traps, rather than sticky traps, are more effective at catching this 
group (Harwood, Wratten and Nowakowski, 1992; Hickman and Wratten, 1996). Yellow 
is thought by some to act as a super-normal foliage-type stimulus (Prokopy and Owens, 
1983), attracting natural enemies searching for their leaf-feeding hosts or prey (Kirk, 
1984). However, yellow may represent flowers to flower-visiting parasitoids. In wind 
tunnel experiments, starved Cotesia rubecula (Marshall) (Hymenoptera: Braconidae) 
landed more frequently, searched longer, and exhibited food-searching behaviour on 
yellow targets, unlike satiated parasitoids which favoured green leaf tissue (Wäckers, 
1994). 
 
The yellow sticky traps chosen for this study have previously been used to estimate the 
abundance of the leafroller parasitoid D. tasmanica (Stephens et al., 1998; Hassan, 1999; 
Irvin, 1999). Stephens et al. (1998) caught significantly more hymenopteran parasitoids in 
yellow water traps than in blue or white traps. They also found that D. tasmanica was not 
attracted to water traps placed on the ground, but was common on sticky traps in the same 
area. A comparison of two brands of commercially available yellow sticky trap found that 
D. tasmanica were abundant on ‘Trappit’ traps (which have been used in the present 
study), but none were caught on ‘Rebell’ traps (Stephens et al., 1998). This section aims to 
investigate the effect of buckwheat flowers on the abundance of two species of leafroller 
parasitoid in a Marlborough vineyard using ‘Trappit’ traps. This experiment is also 
described in Berndt, Wratten and Hassan (2002). 
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2.1.2 Methods 
 
Site description 
 
The experiment was conducted at Squire Estate Vineyard (Montana Wines Ltd) in 
Marlborough. This 80 ha vineyard is bordered to the north by Rapaura Road, to the west 
and south by pasture, and to the east by a stream and more pasture (Fig. 2.1a). Squire 
Estate has been managed under the NZIWP scheme since 1996. The experimental area was 
11.7 ha, and consisted of two contiguous blocks of Cabernet Sauvignon (CAB A and CAB 
B, 105 vine rows in total). No insecticides had been applied to these vines for at least five 
years. Vine rows were 455 m (252 vines) long, orientated approximately north-south, and 
the row spacing was 2.4 m. The standard vineyard between-row sward was a grass and 
clover mix. The prevailing wind is from the northwest. 
 
Experimental design 
 
Buckwheat (cv. Shinano Natsu) and alyssum (cv. Carpet of Snow) were sown in a 
randomised block design with five replicates (Fig. 2.1b). Each experimental block had one 
buckwheat (Plate 2.1), one alyssum and one control plot (Plate 2.2, Fig. 2.1c). These plots 
were separated by seven vine rows, giving a minimum distance of 14 m between 
treatments. Buckwheat plots consisted of a 1 x 455 m machine-drilled between-row strip. 
Buckwheat seeds were initially drilled in cultivated ground on 20 September 1999 at 10 
g/m2, and the buckwheat started flowering around 2 November. On 24 November, the top 
third of the plants was removed mechanically to induce the production of flowering 
axillary shoots to extend the flowering period.  
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Figure 2.1: Vineyard layout and experimental design at Squire Estate vineyard, 
Marlborough, during the 1999-2000 growing season: (a) the vineyard and surrounds; (b) 
the experimental area; (c) an example of one block showing the randomly allocated 
buckwheat, alyssum and control plots, and sample sticky trap placement. 
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Plate 2.1: A buckwheat plot at Squire Estate vineyard, Marlborough. 
Plate 2.2: A control plot at Squire Estate vineyard, Marlborough. 
 
 26 
To maintain flowers throughout the season the buckwheat needed to be re-sown. Half of 
each plot (1 x 226 m) was cultivated and re-drilled (23 g/m2) on 10 December, before the 
original plants finished flowering. This ensured that at least half of each plot had flowers at 
all times. The remaining half was cultivated and re-drilled (23 g/m2) on 17 January 2000. 
The increased drilling rate was a result of a previous misunderstanding on the part of the 
grower. Because of the relatively large area and high density of buckwheat that was 
planted, the increased drilling rate was not considered to affect the availability of the 
flowers to the parasitoids.  
 
Alyssum was sown on cultivated ground on 21 September 1999 using a hand-pulled seed 
sprayer at a rate of approximately 120 seeds/m2. Although some plants did germinate and 
flower, they failed to compete successfully with naturally occurring vegetation and so 
flowers were very sparse. Because of this, the decision was made not to use the alyssum 
replicates in the trial. Control plots consisted of a grass and clover sward with some weeds; 
this was the standard between-row treatment for this vineyard. The presence of flowering 
weeds was recorded every fortnight, when sticky traps were replaced (see Appendix 1 for 
species list). Control strips were mown every few weeks.  
 
Sticky trap layout and analysis 
 
Double-sided yellow sticky traps (‘Trappit’, Agrisense-BCS-Ltd, Treforest Industrial 
Estate, Pontypridd, Mid Glamorgan, U.K., sourced from Fruitfed Supplies Ltd., New 
Zealand), measuring 200 x 245 mm, were used to compare the abundance of parasitoids in 
buckwheat and control. Two traps were placed in the vines in each of the five buckwheat 
and five control plots, one on each side of the central sward. Traps were hung from the 
fruiting wire at c. 0.9 m and were exposed to both sides of the vine row. Traps were 
randomly located, with a 25-vine buffer at each end of each row, and were collected and 
replaced every two weeks, starting on 19 November 1999 and ending on 11 April 2000. 
Some traps in buckwheat plots were randomly re-located along the rows, as buckwheat 
was re-sown in each half (lengthwise) of the plot. This kept them adjacent to flowering 
buckwheat. In control plots, traps kept the same positions throughout.  
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In the laboratory, traps were examined under a 40 x binocular dissecting microscope. At 
the time, two parasitoid species, D. tasmanica and G. demeter, were the only species 
known to attack leafrollers in the area, so these were counted on the traps. These species 
look very similar and are both in the sub family Microgastrinae (Austin and Dangerfield, 
1992). Accurate identification on the traps was not possible, so all parasitoids that looked 
superficially like these species (based on wing venation, colouring and size) were removed 
from the traps, washed in turpentine to remove the adhesive, and stored in 70 % ethanol 
before being dried for identification.  
 
Parasitoids from the first trap collection were identified by J. Berry (Landcare Research, 
Auckland), and all further identification was based on these specimens. In addition to D. 
tasmanica and G. demeter, other microgastrines caught were Cotesia ruficrus (Haliday), 
Dolichogenidea sp. 4 and Glyptapanteles sp. These other species were not found to 
parasitise leafrollers during the course of this study (see Chapters 3 and 4), although 
leafrollers are recorded as an infrequent host of C. ruficrus by Wearing et al. (1991). 
Because of this, no analysis was conducted on the numbers of these species on the traps. 
Differences in the sculpturing of the propodeum, and in the shape and texture of the T1 and 
T2 segments of the abdomen, along with the presence of a white malar space in D. 
tasmanica were the main features used to distinguish between the species. The separation 
of male D. tasmanica from males of Dolichogenidea sp. 4 was difficult as the taxonomy of 
this group is only partially resolved (J. Berry, personal communication). 
 
For analysis, only the side of the traps facing into the buckwheat or control strips was used, 
as this side more directly samples insects influenced by the treatment. Raw data were 
analysed as a replicated block design in ANOVA (Systat 9.01, SPSS Inc. 1999), with 
treatment as the main plot factor, and side of row and date as split plot factors (see 
Appendix 2 for ANOVA table). The appropriateness of the parametric ANOVA for these 
data was confirmed by inspection of the normality of residual plots. 
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2.1.3 Results 
 
Dolichogenidea tasmanica and G. demeter were rare on the sticky traps, with only 27 of 
the former and 22 of the latter caught on the total of 200 traps set out during the trial. Male 
D. tasmanica were more abundant in buckwheat than in control plots, although this result 
was not significant (F = 5.3, df = 1, P = 0.083, Fig. 2.2). There was no effect of treatment 
on female D. tasmanica (F = 0.3, df = 1, P = 0.587, Fig. 2.2). Glyptapanteles demeter was 
also not significantly affected by the treatments, although more females of this species 
were caught in control than in buckwheat plots (male: F = 2.7, df = 1, P = 0.178; female: F 
= 3.3, df = 1, P = 0.145, Fig. 2.3). Only male D. tasmanica changed in abundance 
significantly over time, with the greatest numbers caught in April (F = 2.1, df = 9, P = 
0.030). The side of the row the trap was placed did not affect the abundance of either 
species (D. tasmanica: male: F = 2.3, df = 1, P = 0.172; female: F = 2.7, df = 1, P = 0.141; 
G. demeter: male: F = 1.2, df = 1, P = 0.299; female: F = 0, df = 1, P = 0.1). 
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Figure 2.2: Mean number of male and 
female D. tasmanica per sticky trap per 
two weeks in buckwheat and control 
over all dates (P > 0.05, error bars = ± 1 
SE). 
 Figure 2.3: Mean number of male and 
female G. demeter per sticky trap per 
two weeks in buckwheat and control 
over all dates (P > 0.05, error bars = ± 
1 SE). 
 
 29 
2.2 Leafroller abundance 
 
 
2.2.1 Introduction 
 
Achieving a reduction in pest abundance in the presence of flowers is the ultimate goal of 
the conservation biological control techniques tested in this project. Few studies of this 
type have been able to demonstrate a reduction in pest abundance, and this reduction has 
rarely, if ever, resulted in a reduction of the pest population below an economic threshold.  
 
An example of a study that demonstrated success in reducing pest abundance is the work 
of White et al. (1995), who found significantly fewer aphids (Brevicoryne brassicae (L.) 
and Myzus persicae (Sulzer)) on cabbage near a border of phacelia flowers than in plots 
without flowers. This was attributed to increased aphidophagous hoverfly (Diptera: 
Syrphidae) abundance in the presence of these flowers. Chaney (1998) obtained a similar 
result, with lower aphid abundance on lettuce near a strip of alyssum flowers. Aphids 
(Dysaphis plantaginea (Pass.) and Aphis pomi (DeGeer)) also decreased in abundance in 
an apple orchard planted with flowering weed strips due to an increase in the abundance of 
aphidophagous predators (Wyss, 1995). Patt, Hamilton and Lashomb (1997b) 
demonstrated a reduction in the survivorship of Colorado potato beetle larvae when the 
abundance of predatory coccinellid beetles increased when dill flowers were present in an 
eggplant field. Although these four studies found a reduction in pest abundance, none 
related this to successful management of the pest in terms of economic thresholds. 
 
Other workers have found that flowers do not always reduce the effect of pests. Pimbert 
and Srivastava (1989) found that coriander flowers had no effect on the damage inflicted 
on a chickpea crop by gram pod borer (Helicoverpa armigera (Hubner), Lepidoptera: 
Noctuidae) although parasitism rates increased (pest abundance was not measured). In 
some cases, certain flower species may even increase pest abundance. Adult potato moths 
were more abundant in potatoes near a strip of buckwheat flowers, than in plots with 
borage flowers (Borago officinalis L.) or no flowers (Baggen, Gurr and Meats, 2000). 
These moths feed from buckwheat flowers, but are unable to access the nectar of borage 
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flowers, resulting in a greater fecundity in the presence of the former, compared with the 
latter flower species (Baggen and Gurr, 1998). 
 
In response to the presence of flowers, pest abundance may decrease due to an increase in 
the efficiency of parasitoids and/or predators. Alternatively, pest abundance may increase 
if the pest can obtain nutrients from the flowers. In other situations no change in pest 
abundance is observed. In this section, leafroller abundance is assessed in the presence and 
absence of buckwheat flowers in a vineyard. 
 
 
2.2.2 Methods 
 
This experiment ran in conjunction with the parasitoid abundance experiment described in 
Section 2.1. Therefore the site description and experimental design for this experiment are 
as described in that section.  
 
Leafroller populations were assessed in buckwheat and control plots each fortnight. In each 
of the five buckwheat and five control strips, 10 vines were randomly selected on each 
sampling date (excluding a 25-vine buffer at each end of each row). The side of the row 
sampled was alternated, so half the samples were made in the vine row to the east of the 
treatment strip, and half in the row to the west. For each of the selected vines, 10 leaves 
and five bunches were selected haphazardly and examined for leafroller larvae (a total of 
500 leaves and 250 bunches per treatment on each date). After six sampling dates, the 
number of bunches sampled was increased to 20 per vine (1000 bunches per treatment) to 
improve the sensitivity of the sampling. Leafrollers were not collected for rearing to 
determine parasitism, to avoid altering the leafroller abundance of following samples. 
Results were converted to a percentage of leaves or bunches with leafroller larvae present. 
To compare treatments, data from the 11 sampling dates were combined, due to low 
numbers, and analysed using ANOVA (Systat 9.01, SPSS Inc. 1999). The appropriateness 
of the parametric ANOVA for these data was confirmed by inspection of the normality of 
residual plots. 
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2.2.3 Results 
 
The abundance of leafroller larvae on leaves and bunches did not differ between control 
and buckwheat plots. Over the whole collection period from November 1999 to April 
2000, the mean abundance of leafroller larvae in buckwheat and control plots were 
identical in both leaves and bunches (leaves: 0.08 % infested; bunches: 0.17 % infested). 
Leafroller larvae showed two peaks in abundance over the season: the first in December, 
and the second in March (Fig. 2.4). No larvae were found in January. Leafroller larval 
abundance doubled from December to March on both leaves and bunches. A greater 
percentage of bunches than leaves were infested with leafrollers, reflecting the differences 
in the size and quality of each habitat unit (Fig. 2.4). 
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Figure 2.4: Variation in abundance of leafroller larvae on leaves (a) and in bunches (b) 
from November 1999 to April 2000 in Cabernet Sauvignon vines at Squire Estate vineyard 
(treatments combined, error bars = ± 1 SE). 
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2.3 Discussion 
 
The abundance of parasitic Hymenoptera should, it is often assumed, increase in the 
presence of floral resources. First, most adult parasitoids consume non-host foods, usually 
nectar, honeydew or pollen (Jervis, Kidd and Heimpel, 1996), which can increase 
parasitism rates (Stapel et al., 1997) and longevity (Idris and Grafius, 1995). Secondly, 
parasitoids are capable of locating non-host food sources, such as flowers, using visual 
(Wäckers, 1994) and olfactory cues (Takasu and Lewis, 1996). These factors should result 
in a greater abundance of parasitoids in the presence of flowers (assuming hosts are also 
present in the vicinity). This has been found in a number of studies that examined parasitic 
Hymenoptera as a group (e.g., van Emden, 1963; Chaney, 1998; Stephens et al., 1998; 
Platt, Caldwell and Kok, 1999).  
 
As a consequence of this hypothesised increase in parasitoid abundance, pest abundance 
should decrease. A few studies have demonstrated this reduction in pest abundance in the 
presence of flowers, although this has usually been through increases in the activity of 
predators, rather than parasitoids (White et al., 1995; Wyss, 1995; Hickman and Wratten, 
1996; Patt, Hamilton and Lashomb, 1997b; Chaney, 1998). However, others have found no 
effect (Pimbert and Srivastava, 1989), or occasionally an increase in pest abundance with 
flowers (Baggen, Gurr and Meats, 2000). 
 
 
2.3.1 Parasitoids 
 
In this study, the presence of buckwheat flowers did not have a significant effect on the 
abundance of the leafroller parasitoids found. Although not significant, male D. tasmanica 
were more abundant on traps in buckwheat than in control plots, but the females of this 
species did not respond to the treatment. In contrast to this, female G. demeter were more 
abundant in control than in buckwheat plots, but males showed little response to the 
treatment.  
 
 33 
Irvin et al. (2000) found significantly more D. tasmanica on yellow sticky traps next to 
buckwheat flowers than on those in control plots in a Lincoln University apple orchard, 
using the same trap type as this project. An earlier study in the same orchard, also looking 
at the effect of buckwheat flowers on D. tasmanica, and using the same type of sticky trap, 
had a similar result (Stephens et al., 1998). Neither of these studies analysed the sexes 
separately. The response of G. demeter to flowers has not previously been examined.  
 
The variation in the response of each sex of D. tasmanica to the presence of flowers may 
be due to differences in the attractiveness of the trap to each sex. The normal sex ratio of 
this species is likely to be 0.5 (Chapter 4), so, assuming no differential attraction, equal 
numbers of each sex could be expected on the traps. Although approximately equal 
numbers of each sex were found in control plots, this was not the case on traps in 
buckwheat plots (Fig. 2.2). Trimble (1988a) found that yellow sticky traps were more 
effective at catching male than female Pholetesor (= Apanteles) ornigis (Weed) 
(Hymenoptera: Braconidae). If this was the case for D. tasmanica, it is not clear why this 
only occured in the presence of buckwheat flowers. More research would be required to 
determine the mechanisms behind the observed results. 
 
Another explanation for the differences between the sexes in D. tasmanica is that each sex 
may respond differently to the presence of buckwheat flowers. Males may have been more 
strongly attracted to flowers, and so more abundant in the buckwheat plots than females. 
Allen and Smith (1958) found that male Apanteles medicaginis Muesebeck (Hymenoptera: 
Braconidae) spent much of their time in food-rich habitats, and in locations where females 
were emerging. By comparison, females of this species favoured habitats where hosts were 
present. Some parasitoid species use flowers as a site for mating (Godfray, 1994), and so 
males may favour flower-rich habitats. However, female parasitoids also require nutrients 
from flowers to enable them to find and attack hosts (Jervis, Kidd and Heimpel, 1996), and 
so they should be equally, if not more attracted to flowers than males. 
 
The architecture of the buckwheat plants (which may grow 1 m high) and the spatial 
relationship between the flowers and the sticky traps may also have affected the rate at 
which each sex was trapped. In many cases the buckwheat flowers were at a similar height 
to the traps (personal observation). This may have interfered with the movement of air 
across the traps, or the visibility of the traps compared with the controls, where vegetation 
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was low. Both of these factors could affect the number of parasitoids adhering to the traps, 
but it is not known why this might affect the sexes differently. 
 
In contrast to the results for D. tasmanica, female G. demeter were more abundant on 
sticky traps in control plots than in buckwheat plots (Fig. 2.3). Although this was not 
significant, it may reflect a trend that was masked by the low number of individuals of this 
species caught. More females may have been caught in control plots if the flowers compete 
with the traps in attracting this species, in which case relatively fewer parasitoids would be 
attracted to traps in buckwheat plots. This situation has been found for hoverflies 
(Hickman et al., 2001). However, in the present study, sticky traps were located in the 
vines, and may have represented a leaf, rather than a flower to a parasitoid (Prokopy and 
Owens, 1983). The differential response of the sexes could be explained if females of this 
species are attracted to flowers, but males are not. This could be the case, as G. demeter is 
gregarious, so mating probably occurs between siblings emerging from one host (Godfray, 
1994). Therefore males have no need to feed to obtain energy to find mates. 
 
The numbers of these parasitoids on the traps was very low, with the most abundant group, 
male D. tasmanica, caught at a maximum mean rate of 0.18 wasps per trap per two-week 
collection period (0.01 wasps/trap/day). By comparison, D. tasmanica has been caught on 
the same type of trap in a Canterbury apple orchard at a maximum average rate of 2.8 
wasps/trap/day in one study (Stephens et al., 1998), and 1.27 wasps/trap/day in another 
(Irvin, Wratten and Frampton, 2000). The lack of significant results in the present study is 
probably due to these very low catch rates. An increase in the trapping effort may have 
given a more conclusive result, but this was not possible because of the labour involved in 
separating the few individuals of D. tasmanica and G. demeter from the large numbers of 
C. ruficrus (this species was approximately 160-fold more abundant than either D. 
tasmanica or G. demeter). 
 
Leafroller larvae were very rare during the experiment, which may explain the low 
abundance of the leafroller parasitoids. This may also explain the inconclusive response to 
buckwheat, as the parasitoids could have been limited by the absence of their host, rather 
than the absence of flowers for food. The flowering weeds that were present in the control 
plots (see Appendix 1 for species list) may have provided sufficient food for the small 
leafroller parasitoid population. 
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A previous study of leafroller parasitoid abundance, conducted in the same vineyard, using 
the same trap type as the present study, reported a significant increase in D. tasmanica 
abundance with buckwheat flowers (Hassan, 1999). The maximum mean abundance of D. 
tasmanica in that study was given as 10 wasps per trap per fortnight (0.71 wasps/trap/day). 
It has since been discovered that the parasitoid identification was inaccurate, and all 
microgastrine wasps found on the sticky traps were recorded as D. tasmanica (P. Hassan, 
personal communication). These results probably reflect the response of C. ruficrus (by far 
the most abundant microgastrine at this vineyard) to buckwheat.  
 
 
2.3.2 Leafrollers 
 
The presence of buckwheat flowers had no apparent effect on the abundance of leafroller 
larvae during the course of this experiment. This may have been a consequence of the lack 
of any positive effect of flowers on the abundance of female leafroller parasitoids. This 
lack of effect of flowers suggests that buckwheat does not provide nutrients to leafrollers, 
as it can to potato moth in Australia (Baggen and Gurr, 1998). However, Irvin (1999) 
found that adult Epiphyas postvittana, the most common leafroller species in vines in 
Marlborough (Chapter 4), showed an increase in longevity and fecundity in the presence of 
alyssum flowers in the laboratory. It is possible that leafrollers are able to access nectar 
from alyssum, but not buckwheat flowers. A similar scenario was found by Baggen, Gurr 
and Meats’ (2000) study, in which buckwheat, but not borage, flowers increased the 
abundance of potato moth. However, alyssum and buckwheat flowers both have shallow 
corollae and exposed nectaries. Therefore any differences between the effect of the two 
flowers on leafroller abundance may relate to one of three things: nectar quality, the very 
low leafroller abundance found in this study, or differences in the response of leafrollers to 
flowers in the laboratory versus the field. 
 
The increase in leafroller abundance over the season in this study is consistent with the 
phenology of leafrollers in Hawke’s Bay vineyards (Lo and Murrell, 2000). In that work 
leafroller abundance increased ten-fold from January to March, a much greater increase 
than found in this study. Research conducted in Canterbury apple orchards found peaks in 
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larval abundance similar to those found in the present study (Burnip and Suckling, 2001). 
However, in Canterbury the peaks occurred in January and April, a month later than in 
Marlborough, which may relate to the more southerly latitude of the former province. 
 
Leafroller abundance was very low during this study. Eight larvae were found on the 11 
000 leaves searched, and 13 000 grape bunches yielded 22 larvae. There are, as yet, no 
economic thresholds for leafroller in New Zealand vineyards (Anonymous, 2001a), but 
guidelines for Australia suggest more than four larvae per 50 bunches (8 % of bunches 
infested) should cause concern (Clancy, 1997). This is much greater than the 0.2 % 
infestation of bunches found in the present study. However, care must be taken in applying 
Australian standards to the New Zealand situation. Leafroller abundance in parts of 
Australia peaks in spring, and declines through the season (Buchanan, 1977), whereas in 
New Zealand, leafroller abundance reaches a peak near harvest, at the end of the season 
(Lo and Murrell, 2000). Therefore, in New Zealand, very low abundance in January can 
still lead to a significant leafroller population near harvest.  
 
The small numbers of leafrollers found in the Cabernet Sauvignon vines in this study do 
not necessarily reflect the abundance of leafrollers in the rest of the vineyard, or in 
Marlborough in general. Surveys of leafrollers in bunches in other grape cultivars at Squire 
Estate (Pinot Noir, Semillon, Sauvignon Blanc, Cabernet Franc and Chardonnay) gave a 
mean of 0.1 % of bunches infested in January, increasing to 2.0 % of bunches infested by 
April, even though half of the vines surveyed had previously been treated with insecticide 
(L. Berndt, unpublished data). Cabernet Sauvignon grapes have a thick skin and grow in 
open bunches, creating a less favourable habitat for leafrollers than cultivars (such as Pinot 
Noir and Chardonnay) with densely packed bunches and thin skin. As a result, leafrollers 
are not considered to be a problem in Cabernet Sauvignon at Squire Estate, and no 
insecticides are used against them (B. Arnst, personal communication, 1999). In the 
1999/2000 season, this was the only cultivar in which there was no risk that insecticides 
would be used, and so the only one available for this study.  
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2.3.3 Conclusion 
 
The presence of buckwheat flowers had no significant effect on the abundance of leafroller 
parasitoids on yellow sticky traps in the vineyard, or on the abundance of leafroller larvae 
on the vines. This result was probably a consequence of the extremely low abundance of 
these parasitoids, and their leafroller hosts, during the experiment. Although not 
significant, the trends that were observed suggested that populations of male, but not 
female D. tasmanica increase in the presence of buckwheat, and that female, but not male 
G. demeter decrease in the presence of these flowers. No clear explanations for these 
results can be given, but it may relate to differential responses of each sex to yellow sticky 
traps, or to the flowers themselves. The contrasting response of D. tasmanica and G. 
demeter may reflect differences in the biology and behaviour of these species. 
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3 PARASITISM OF RELEASED AND RECOVERED LEAFROLLERS 
 
This chapter describes two sets of experiments, conducted during the 1999-2000 and the 
2000-2001 growing seasons, which used a technique of releasing and recovering leafroller 
larvae to study parasitoid activity. The objective was to assess the effect of flowers on 
leafroller parasitism rates and parasitoid sex ratios. This technique was used because it was 
not possible to sample the naturally-occurring leafroller population, which was at a very 
low density. Experiments in which naturally-occurring leafrollers were sampled to 
determine parasitism rates were conducted in the 2000-2001 season, and are discussed in 
Chapter 4. 
 
 
3.1 Introduction 
 
In experimental situations where pest abundance is very low, or pests are difficult to 
sample, the use of prey or host enrichment in the field can be a useful means of quantifying 
the impact of natural enemies in response to different treatments (Powell, Walton and 
Jervis, 1996; Luck, Shepard and Kenmore, 1999). Cappuccino et al. (1998) used this 
approach to assess parasitism rates of the spruce budworm (Choristoneura fumiferana 
(Clem.), Lepidoptera: Tortricidae) in a study of the effect of vegetational diversity on the 
impact of this pest in a coniferous forest. Cronin and Strong (1990) set out potted plants 
infested with eggs of the planthopper Prokelisia marginata (Van Duzee) (Homoptera: 
Delphacidae) to examine the response of the parasitoid Anagrus delicatus Dozier 
(Hymenoptera: Myrmaridae) to host density. Aphid-infested potted cereal seedlings have 
been used to detect winter activity of aphid parasitoids in pasture and cereal crops (Vorley, 
1986). Suckling et al. (2001) used potted plants infested with leafroller larvae to compare 
parasitism rates on different host plants and between leafroller species.  
 
The leafroller release methods used in this study were adapted from those used by two 
researchers who examined the effect of floral understoreys on leafroller control in New 
Zealand orchards (Stephens et al., 1998; Irvin, 1999; Irvin, Wratten and Frampton, 2000). 
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Stephens et al. (1998) released neonate leafroller larvae (Epiphyas postvittana) on apple 
branches inside open-ended cotton sleeves. Sleeves were removed after 2-5 days to expose 
larvae to parasitoids, and then branches were checked several times each week for 
developing pupae or parasitoid cocoons. Significantly higher parasitism rates (by 
Dolichogenidea tasmanica) were found in plots with buckwheat flowers than in control 
plots. Parasitism rates were 34 and 20 % in buckwheat and control plots, respectively. 
 
Irvin et al. (2000) released leafroller eggs on apple branches. This made handling easier 
and allowed larvae to emerge in the field. Closed sleeves were used in that study to 
minimise predation and maximise the number of leafrollers settling on the release branch. 
Parasitism rates were assessed by collecting the branches after 6-8 weeks and comparing 
the number of parasitoid cocoons with the total number of cocoons, leafroller larvae and 
pupae present. Parasitism rates ranging from 0 to 100 % were found, and there was a 
significant difference between control and floral treatments (buckwheat and broad bean) on 
one of the four dates on which the experiment was conducted. 
 
An analysis of leafroller release methods was made by Irvin (1999). She found that 
collecting leafroller larvae after two weeks exposure to parasitoids, and then rearing them 
to determine parasitism rate, was more successful than leaving leafrollers in the field until 
parasitoid cocoons had developed. This latter technique commonly resulted in parasitism 
rates of 100 %, making comparison between treatments impossible. These very high 
parasitism rates may be due to D. tasmanica parasitising all hosts in a high density patch, 
or differential dispersal of parasitised and unparasitised leafroller larvae (Irvin, 1999). Irvin 
(1999) concluded that collecting naturally-occurring leafroller larvae and rearing them for 
emerging parasitoids may be a better way of obtaining parasitism rates of leafrollers than 
releasing high density patches in the field.  
 
In this study, leafroller releases were used only when leafrollers were very scarce and there 
was no other way of assessing the impact of parasitoids on the leafroller population. 
Results obtained using this method do not reflect the natural interaction between leafrollers 
and their parasitoids and are best considered as an assay of parasitoid response to the 
presence of flowers. The objective of the experiments reported in this chapter is to 
determine the effect of buckwheat and alyssum flowers on the parasitism rate of released 
leafrollers and the secondary sex ratio of leafroller parasitoids emerging from released 
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leafrollers in commercial vineyards. Secondary sex ratio has been defined as the sex ratio 
of emerging parasitoids, as opposed to primary sex ratio, which is measured at fertilisation 
(van Alphen and Jervis, 1996). Unless otherwise stated, the use of the term ‘sex ratio’ in 
this project refers to the secondary sex ratio.  
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3.2 Buckwheat: 1999-2000 season 
 
 
3.2.1 Introduction 
  
Leafroller abundance was very low on Cabernet Sauvignon vines used in the buckwheat 
experiment at Squire Estate vineyard in Marlborough (described in Chapter 2) during the 
1999-2000 growing season. Only 0.08 % of leaves and 0.17 % of grape bunches were 
infested with leafroller larvae over the season. These numbers were too low to collect 
naturally-occurring leafrollers to assess parasitism rates. To obtain data on the effect of 
buckwheat flowers on leafroller parasitoid efficacy, a leafroller release/recapture technique 
was used. This experiment is also described in Berndt, Wratten and Hassan (2002). 
 
 
3.2.2 Methods 
 
Experimental design 
 
To compare parasitism rates and offspring sex ratios in buckwheat and control plots, 
leafroller eggs were hatched on vine branches and larvae were recovered after two weeks 
exposure to parasitoids. This method exposed first and second instar larvae to parasitoids, 
and so was mainly targeted at the most common leafroller parasitoid in New Zealand, D. 
tasmanica, which attacks these instars (Dumbleton, 1935). This experiment was conducted 
in the buckwheat trial in Marlborough, described in Chapter 2.  
 
On each release branch, a wax paper square with approximately 200 laboratory reared, 
mature E. postvittana eggs (from HortResearch, Auckland) was stapled to the underside of 
a leaf about c. 1.7 m high in the vine canopy. Each branch was then covered by a calico 
sleeve with a mesh size of c. 0.2 mm. The sleeves were removed after eight days, once the 
larvae had hatched and settled on the leaves. The larvae were then exposed to allow 
parasitoids access to them for approximately two weeks before the branches were collected 
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and the larvae transferred to diet tubes (from HortResearch, Auckland) for rearing. Two 
release branches were located in each buckwheat and each control row, with one on each 
side (east and west) of the mid-row plot. The location chosen was one bay (four vines) to 
the right of the sticky trap (see Chapter 2). On some occasions this method of placement 
would place the branches opposite each other in the row, in which case they were placed 
one bay to the left of the sticky traps. Releases were made on two dates (3 February and 10 
March 2000) with the first release collected on 28 February 2000, and the second on 4 
April. During the second release, vineyard machinery destroyed three branches in the 
control rows and two in the buckwheat rows. 
 
Leafroller collection and rearing 
 
Branches were collected before parasitoids started emerging from the leafroller larvae. 
Only live leafrollers were recovered from the branches, and these larvae were maintained 
individually in diet tubes until they completed development, produced a parasitoid or died. 
Leafrollers that died during development were not dissected to check for parasitoid larvae. 
Adult parasitoids were identified to species level. Each parasitoid species that was found 
has distinct larval behaviour and cocoons. Therefore parasitoids that died before 
completing development could be assigned to a species.  
 
Analysis 
 
The parasitism rate of recovered leafrollers was estimated as: 
number of leafroller larvae with a parasitoid larva emerging      x 100 
        number of leafroller pupae and parasitoids produced 
 
Leafrollers that died of unknown causes during development were not included in the 
denominator of the equation, because an unknown proportion of these is likely to have 
been parasitised. Sex ratios (proportion male) of D. tasmanica were calculated from 
emerging adults only. Numbers of the other two parasitoid species found were too low to 
analyse sex ratios. Parasitism rates, sex ratios, the number of leafrollers collected, the 
number of pupae, and the number of dead larvae were analysed using ANOVA (Systat 
9.01, SPSS Inc., 1999), with treatment as the main plot factor, and side of plot and date as 
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split plot factors. The appropriateness of the parametric ANOVA for these data was 
confirmed by inspection of the normality of residual plots. 
 
 
3.2.3 Results 
 
Three parasitoid species were reared from recovered leafrollers: D. tasmanica (which made 
up 97 % of parasitoids reared), Glyptapanteles demeter, and Meteorus pulchricornis (Table 
3.1). Most individuals from the latter two species were found on the first collection date. 
No differences were found between treatments, dates, or sides of plot in the mean number 
of leafrollers recovered per release branch (treatment: F  = 0.01, df = 1, P = 0.921; date: F 
= 0.07, df = 1, P = 0.801; side: F = 3.86, df = 1, P = 0.085, Table 3.1). The mean number 
of leafroller pupae produced per release branch was significantly lower on the second date 
(F = 5.29, df = 1, P = 0.042), but no differences were found between treatments (F = 0.12, 
df = 1, P = 0.742) or sides (F = 4.21, df = 1, P = 0.074). The number of leafroller larvae 
dying before parasitism could be determined was not affected by any of the three variables 
(treatment: F  = 0.22, df = 1, P = 0.661; date: F = 0.06, df = 1, P = 0.807; side: F = 2.44, df 
= 1, P = 0.157, Table 3.1).  
 
 
Table 3.1: Mean outcome (± SE) per release branch of rearing leafroller larvae collected 
from buckwheat and control plots at Squire Estate in February and April 2000. 
 
Collection 
date 
Treatment Number of 
leafroller 
larvae 
recovered 
Parasitised 
by D. 
tasmanica 
Parasitised 
by G. 
demeter 
Parasitised 
by M. 
pulchri-
cornis 
Leafroller 
pupae 
Dead 
leafroller 
larvae* 
Feb Buckwheat 21.6 ±3.00 16.3 ±2.64 0.5 ±0.27 0.3 ±0.15 1.9 ±0.46 2.7 ±0.42 
Feb Control 15.1 ±3.27 11.8 ±2.55 0.3 ±0.21 0.4 ±0.22 1.3 ±0.50 1.3 ±0.50 
Apr Buckwheat 16.8 ±5.88 14.8 +5.22 0 0 0.8 ±0.25 1.3 ±0.56 
Apr Control 18.4 ±8.09 16.1 ±7.23 0.3 ±0.18 0 0.6 ±0.20 1.4 ±0.81 
* number of larvae that died from unknown causes during rearing.  
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Parasitism rate and sex ratio 
 
The parasitism rate of recovered leafrollers did not differ between treatments (F = 0.002, df 
= 1, P = 0.964, Fig. 3.1). Parasitism was also unaffected by date (F = 4.05, df = 1, P = 
0.075) or by side of plot (F = 0.85, df = 1, P = 0.384). The sex ratio of emerging D. 
tasmanica was affected by treatment, with a significantly smaller proportion of male 
offspring produced in buckwheat plots than in control plots (F = 7.76, df = 1, P = 0.050, 
Fig. 3.2). The side of the plot or the collection date did not affect sex ratio (side: F = 2.48, 
df = 1, P = 0.154; date: F = 0.12, df = 1, P = 0.732). 
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Figure 3.1: Parasitism rate of leafrollers 
exposed to parasitoids for two weeks in 
buckwheat and control plots at Squire 
Estate; release dates combined (P > 
0.05, error bars = ± 1 SE). 
 Figure 3.2: Sex ratio of D. tasmanica 
adults reared from leafrollers exposed 
to parasitoids for two weeks in 
buckwheat and control plots at Squire 
Estate; release dates combined (* P ≤ 
0.05, error bars = ± 1 SE). 
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3.3 Alyssum: 2000-2001 season 
 
 
3.3.1 Introduction 
 
The release/recover experiment conducted in Marlborough (Section 3.2) produced very 
high leafroller parasitism rates (approximately 90 %) and did not show any effect of floral 
treatment on this parasitism rate. In spite of this, the method was used again in the 2000-
2001 season in Canterbury, as described in this section. This experiment was set up to 
compensate for the early demise due to drought of three experimental sites in Marlborough 
(Chapter 4, Section 4.2). Because of the speed at which this experiment needed to be set 
up, alyssum was hand planted, and plot sizes were small. Therefore naturally-occurring 
leafrollers could not be sampled more than once (this was done before harvest and is 
described in Chapter 4, Section 4.3). To obtain additional data on the effect of alyssum 
flowers on parasitism rate, and to further examine the influence of flowers on parasitoid 
sex ratio, the release/recover technique was used. Alterations were made to the technique 
to try to improve its sensitivity: more release branches were used per replicate, each with 
fewer leafrollers than used in previous attempts. Different exposure times of the leafroller 
to the parasitoid were used to examine the efficiency of the parasitoids at locating and 
attacking their hosts. The aim of this experiment was therefore to determine the effect of 
alyssum flowers on leafroller parasitism and parasitoid sex ratio, as well as investigate the 
effect of exposure time on the outcome of the experiment. 
 
 
3.3.2 Methods 
 
Experimental design 
 
The alyssum experiment was set up at Giesen Wine Estate, Canterbury, in a randomised 
block design with five replicates, in 134 rows of Riesling vines (Fig. 3.3a). Each replicate 
consisted of an alyssum (Plate 3.1) and a control plot (Plate 3.2), located between vine 
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rows. Vine rows were 150 m long, and treatment plots were 14 rows apart, with a row 
spacing of 2.4 m. The distance between alyssum and control was maximised by placing 
plots in opposite thirds of the rows (Fig. 3.3c), giving a minimum distance of 49 m 
between treatments. Each plot was a 6.8 m strip between rows, starting from 50 m into the 
row, from either the west or east end.  
 
The plots were set up on 11 January 2001 by hand-planting alyssum plants (cv. Carpet of 
Snow, sourced from Jorna’s Nursery, Christchurch) that had just begun to flower. In each 
plot, 204 plants were set out, with a 0.1 m spacing, in a 0.3 m wide strip, the length of the 
6.8 m plot. The ground was cultivated before planting, and plants were watered by hand. 
Plots were maintained by weeding as necessary, but were not watered further, other than 
with water seeping into the plots from the drip irrigation system in the vine rows. Within a 
few days of setting up the alyssum plots, the experimental block of vines had oats (Avena 
fatua L., cv. unknown) sown between all vine rows, including areas adjacent to alyssum 
plots (Plates 3.1 & 3.2). This was the ground cover vegetation in the control plots, and was 
the first time a cover crop had been used in this vineyard. Previously the ground had been 
kept cultivated. Insecticides were not used during the experiment, and had not been used 
for many years in this vineyard. 
 
To compare parasitism rates and offspring sex ratios in alyssum and control plots, 
leafrollers were released on vine branches in the same manner described in Section 3.2.2. 
Two separate leafroller releases were made: for the first, leafrollers were exposed to 
parasitoids for either four or 11 days, and for the second, leafrollers were exposed for 26 
hours. This range of exposure times was used to assess the effect of time exposed on 
parasitism rate. 
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Figure 3.3: Vineyard layout and experimental design at Giesen Wine Estate vineyard in the 
2000-2001 season: (a) the vineyard and surrounds; (b) the experimental area; (c) an 
example of one block, showing placement of alyssum and control plots. 
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Plate 3.1: An alyssum plot at Giesen Wine Estate vineyard, Canterbury. 
Plate 3.2: A control plot at Giesen Wine Estate vineyard, Canterbury. 
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First release 
 
On 24 and 25 January, 2001, leafroller eggs were placed on vines in each of the five 
replicates of alyssum and control. Ten branches were selected in the vines adjacent to each 
replicate, with five on each side of the inter-row area. One or two small, mature egg 
batches (approximately 50 eggs) were stapled to leaves on each of these branches. 
Branches were then covered with a calico sleeve to ensure that hatching larvae settled on 
that branch. Nine days later (on 2 February) the sleeves were removed to expose the larvae 
to parasitoids. After four days of exposure (on 6 February) half of the release branches 
were collected and the larvae put in individual diet tubes. In each replicate the five 
branches to be taken were selected randomly, with three on one side of the inter-row area, 
and two on the other. The remaining branches were removed after 11 days, on 13 February. 
Collected leafrollers, in individual diet tubes, were reared at 15 oC with a 16L:8D 
photoperiod. 
 
Second release 
 
The same method was used as before, with eggs released on this occasion on 9 March, 
2001. However, this time only two release branches were set up per replicate, with one on 
each side of the inter-row area. The sleeves were removed on 21 March between 09:00 and 
09:30 (New Zealand Summer Time), and the branches were collected the following day 
between 11:30 and 12:00, giving 26 hours of exposure. The weather on 21 March was 
clear with a fairly strong NE wind, a maximum temperature of 20 oC. March 22 was fine 
and still in the morning, with a maximum temperature of 26 oC. Larvae were transferred to 
individual diet tubes and reared at 15 oC with a 5 oC range, and a 16L:8D photoperiod. 
 
Analysis 
 
Data were analysed in the same manner as in the buckwheat experiment described in 
Section 3.2. For the ANOVA (Systat 9.01, SPSS Inc. 1999) for the first release, treatment 
was the main plot factor and side of plot and days exposed were split plot factors. In each 
replicate, the mean values for the two or three release branches on each side of the plot 
 50 
were used in the analysis. For the second release, treatment was the main plot factor and 
side of plot was the only split plot factor. The appropriateness of the parametric ANOVA 
for these data was confirmed by inspection of the normality of residual plots. 
 
 
3.3.3 Results 
 
Dolichogenidea tasmanica was the only parasitoid species reared from leafrollers 
recovered from Giesen Wine Estate. Although all release branches had similar numbers of 
leafroller eggs initially, the mean number of leafrollers recovered significantly declined 
with an increasing number of days exposed (F = 20.12, df = 2, P < 0.001, Table 3.2). The 
same trend was observed in the number of leafrollers dying for unknown reasons during 
rearing (F = 26.44, df = 2, P < 0.001), in the number of leafroller pupae reared (F = 9.65, 
df = 2, P = 0.002), and in the number of parasitoid cocoons reared (F = 4.70, df = 2, P = 
0.025, Table 3.2).  
 
Table 3.2: Mean outcome (± SE) of rearing leafrollers recovered from alyssum and control 
plots after exposure to parasitoids for 26 hours, or four or 11 days at Giesen Wine Estate in 
February and March 2001. 
 
Collection 
date 
Exposure 
time 
Treatment Number of 
leafroller larvae 
recovered 
Parasitised 
by D. 
tasmanica 
Leafroller 
pupae 
Dead 
leafroller 
larvae* 
22 Mar 26 hours Alyssum 21.4 ±4.22 6.0 ±2.08 1.6 ±0.79 13.8 ±2.38 
22 Mar 26 hours Control 32.2 ±5.41 13.4 ±3.59 2.6 ±0.86 16.2 ±3.73 
2 Feb 4 days Alyssum 17.7 ±1.55 13.9 ±1.39 0.9 ±0.21 2.9 ±0.43 
2 Feb 4 days Control 15.4 ±1.79 12.3 ±1.66 0.6 ±019 2.4 ±0.48 
6 Feb 11 days Alyssum 10.1 ±1.50 9.1 ±1.20 0.2 ±0.11 0.8 ±0.35 
6 Feb 11 days Control 9.2 ±1.06 8.3 ±0.88 0.1 ±0.04 0.8 ±0.19 
*number of larvae that died from unknown causes during rearing.  
 
Parasitism rate and sex ratio 
 
For the first release (four and 11 days exposed), the presence of alyssum flowers had no 
effect on the parasitism rate of recovered leafrollers (F = 2.49, df = 1, P = 0.190, Fig. 3.4). 
The side of plot also had no effect on parasitism rate (F = 0.09, df = 1, P = 0.769). There 
was very little variation in parasitism rates between replicates, particularly when 
parasitoids were exposed for four or 11 days (Fig. 3.4). The sex ratio of D. tasmanica 
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emerging from leafrollers recovered from the first release did not differ with treatment (F = 
0.57, df = 1, P = 0.494, Fig. 3.6), side of plot (F = 1.91, df = 1, P = 0.204), or time exposed 
(F = 2.40, df = 1, P = 0.141). 
 
For the second release (26 hours exposed), the parasitism rate of recovered leafrollers was 
not affected by treatment (F = 0.01, df = 1, P = 0.926, Fig. 3.5), or by the side of plot (F = 
1.04, df = 1, P = 0.347). Sex ratio, too, was unaffected by either variable (treatment: F = 
0.93, df = 1, P = 0.389, Fig. 3.7; side: F = 0.33, df = 1, P = 0.588). 
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Figure 3.4: Parasitism rate of leafrollers 
exposed to parasitoids for four and 11 
days in buckwheat and control plots at 
Giesen Wine Estate (first release) (P > 
0.05, error bars = ± 1 SE). 
 Figure 3.5: Parasitism rate of 
leafrollers exposed to parasitoids for 
26 hours in buckwheat and control 
plots at Giesen Wine Estate (second 
release) (P > 0.05, error bars = ± 1 
SE). 
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Figure 3.6: Sex ratio of leafrollers 
exposed to parasitoids for four and 11 
days in buckwheat and control plots at 
Giesen Wine Estate (first release) (P > 
0.05, error bars = ± 1 SE). 
 Figure 3.7: Sex ratio of leafrollers 
exposed to parasitoids for 26 hours in 
buckwheat and control plots at Giesen 
Wine Estate (second release) (P > 
0.05, error bars = ± 1 SE). 
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3.4 Discussion 
 
 
All parasitoids reared from recovered leafrollers at Giesen Wine Estate in Canterbury, and 
97 % of those reared from leafrollers recovered from Squire Estate in Marlborough were 
D. tasmanica. This result was expected as this species is the most common leafroller 
parasitoid in most parts of New Zealand (Charles, Walker and White, 1996; Suckling et al., 
1998; Irvin, 1999). Also, the release/recover method used was designed to target this 
parasitoid, which attacks first and second instar larvae (Dumbleton, 1935). Dolichogenidea 
tasmanica will be the focus of this discussion, in which the effect of buckwheat and 
alyssum flowers on leafroller parasitism rate and sex ratio will be explored, along with an 
analysis of the release/recover method. 
 
 
3.4.1 Parasitism rate 
 
The presence of buckwheat or alyssum flowers had no effect on the parasitism rate of 
released leafrollers, whether leafrollers were exposed to parasitoids for 26 hours or two 
weeks. There are a number of possible explanations for this result: 
• Parasitoids did not require food from flowers, and the cover crop did not provide any 
other benefit, such as shelter or improved microclimate. 
• Parasitoids did require food, but sufficient food was available from other sources in 
control plots, such as weeds, surrounding vegetation, or honeydew-producing insects. 
• The flowers were an important food source, but parasitoids could commute between 
treatment and control plots. 
• Parasitoids may or may not have been limited by the availability of flowers, but the 
release/recover method used could not detect this effect. 
These explanations will be discussed in turn. 
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Flowers are not required 
 
The first, and most obvious explanation for the lack of any effect of buckwheat or alyssum 
on parasitism rate is that the parasitoid, D. tasmanica, does not require nectar or pollen in 
order to successfully attack its leafroller hosts, nor does it gain any other benefit from these 
cover crops. There is, however, evidence that this is not the case. Stephens et al. (1998) 
found a significant increase in parasitism of released leafroller larvae by D. tasmanica 
when buckwheat was planted in a Canterbury apple orchard, compared with controls. Irvin, 
Wratten and Frampton (2000) obtained a similar result, although on only one out of four 
leafroller release dates. Another comparison of the effect of flowers on leafroller 
parasitism rates found significantly higher rates with buckwheat and alyssum, compared 
with phacelia and control plots (Irvin, 1999).  
 
Irvin (1999) also found that D. tasmanica was significantly more abundant on yellow 
sticky traps in a ‘buckwheat with flowers’ treatment, compared with ‘buckwheat without 
flowers’ and control treatments. This demonstrated that it was the flowers, rather than any 
other benefits that the buckwheat plants might provide (such as shelter, alternative hosts, 
microclimate or aphid honeydew), that led to there being more D. tasmanica in the area 
(Irvin, 1999).  
 
Laboratory experiments have also demonstrated the benefits of floral resources to D. 
tasmanica. With buckwheat and alyssum flowers, female D. tasmanica lived for around 40 
days, compared to 12 days with access to water only (Irvin, 1999). Female D. tasmanica 
given access to buckwheat flowers had significantly more eggs present in their ovaries 
after five days compared to those given water, pollen or phacelia (Irvin, 1999). In this 
study (Chapter 5), experiments are described which demonstrate that alyssum flowers also 
significantly increase the longevity and fecundity of D. tasmanica. 
 
This experimental evidence shows that D. tasmanica can use floral resources, probably 
nectar, to increase longevity and fecundity. Therefore, the lack of any result in this 
experiment is likely to have been due to other factors related to the design of the 
experiment or the release/recover methodology. 
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Sufficient alternative food available 
 
If the assumption is made that D. tasmanica uses and benefits from floral resources in the 
field, as suggested by previous experiments (Stephens et al., 1998; Irvin, 1999; Irvin, 
Wratten and Frampton, 2000), the lack of evidence of this in the present study may be due 
to the presence of other food sources in control plots. Control vegetation in the buckwheat 
experiment in Marlborough was a grass and clover sward with adventive weeds. The 
presence of flowers in this vegetation was recorded throughout the experiment, and a 
species list is given in Appendix 1. No analysis was made of usage of these flowers by 
parasitoids, but it is likely that at least some of them could provide nectar to D. tasmanica. 
Flowers of various species were present in control plots throughout the experiment, 
although, due to regular mowing and the dominance of grass, their abundance was usually 
less than 1 % cover for each species (personal observation). 
 
It is not known what quantity of nectar or pollen is required by D. tasmanica individuals 
under field conditions, how frequently they need to feed, or how they divide their time 
between food and host location. This type of information has rarely, if ever, been gathered 
for any parasitoid species (Lewis et al., 1998). To study this directly would be extremely 
difficult, but indirect experiments could be conducted, investigating the effect of flower 
density on parasitism rate. 
 
In the alyssum experiment in Canterbury, the control vegetation was oats. Some flowering 
weeds may also have been present but their presence was not recorded. Sweepnet samples 
of both the alyssum and control plots revealed the presence of aphids (Hemiptera: 
Aphididae) on the oats (L. Berndt, unpublished data). The honeydew of these aphids may 
have provided nutrients for D. tasmanica, removing the distinction (in terms of food 
availability) between alyssum and control plots. Dolichogenidea tasmanica can feed on 
whitefly (Trialeurodes vaporariorum (Westwood), Hemiptera: Aleyrodidae) honeydew in 
the laboratory, resulting in a similar longevity and fecundity to that observed when the 
parasitoids are given alyssum flowers (Chapter 5). It is therefore possible that this species 
uses honeydew resources in the field, although this has not been observed. Many species of 
parasitic Hymenoptera feed on, and benefit from honeydew (Chien, Chu and Ku, 1994; 
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England and Evans, 1997; Heimpel, Rosenheim and Kattari, 1997; Stapel et al., 1997; 
Teraoka and Numata, 2000). 
 
This contamination of control plots with alternative food sources, in both the buckwheat 
and alyssum experiments, could explain the lack of difference in parasitism rates between 
floral treatments and controls. However, control plots in both experiments were the 
standard ground cover for the vineyard, so for the provision of floral resources to be worth 
while from the grower’s point of view, flower treatments must improve parasitism rates 
over that found in these ‘contaminated’ control plots. 
 
Parasitoids travel between treatments 
 
Another possible explanation for the lack of effect of flowers on leafroller parasitism rates 
is that parasitoids were able to travel from control plots to buckwheat or alyssum plots to 
obtain food. This activity has been called ‘commuting’ (Jervis et al., 1993). In the 
buckwheat experiment, the minimum distance over which D. tasmanica would have had to 
commute was 14 m, across seven vine rows (see Chapter 2). In the alyssum experiment, 
the minimum commuting distance for parasitoids was 49 m, across 12 vine rows (Fig. 3.3). 
It is not known how far D. tasmanica individuals can travel, if they can detect a food 
source over these distances, or if they would return to control plots to find hosts, or remain 
in floral plots. Parasitoids may also travel accidentally, carried on the wind. 
 
Few studies have investigated parasitoid movement from a food source. Long et al. (1998) 
labelled natural enemies by applying rubidium to flower strips adjacent to a vegetable crop 
and in an almond orchard in California. They found rubidium-labelled parasitoids in the 
genus Hyposter 250 ft (76.2 m) from flowers in the vegetables, and labelled parasitoids in 
the genus Macrocentrus 100 ft (30.5 m) from flowers in the almonds. These distances were 
the maximum measured, so parasitoids may have travelled further. Recently, in Australia, 
researchers have used fluorescent dye to mark natural enemies in vegetation bordering 
cotton fields (N. Schellhorn, pers. comm. 2002). Thirty seven marked Diadegma 
semiclausum Hellen (Hymenoptera: Ichneumonidae) were found at 108 m, and one was 
found at 156 m from the dyed vegetation after that vegetation was disturbed by cultivation. 
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However, before disturbance, parasitoids were found only up to 60 m away from the dyed 
vegetation. 
 
These data suggest that at least some parasitoid species are capable of travelling the 
minimum commuting distances in the present experiments. However, commuting carries a 
very high cost for the parasitoid in terms of risk, and time and energy expenditure (Lewis 
et al., 1998). It would be more profitable for a parasitoid attracted to a floral plot to remain 
there to find hosts, rather than returning to control plots. In the buckwheat experiment 
commuting may have worked in reverse, however, with parasitoids moving from floral 
plots to control plots. As leafrollers were at very low densities during the experiment (0.08 
% of leaves and 0.17 % of grape bunches infested with leafroller larvae, Chapter 2), D. 
tasmanica may have been host limited, rather than food limited, and so the high density 
host patches on release branches may have been highly attractive to the parasitoids. 
 
Method unable to detect any effect 
 
A final possible explanation for the lack of effect of flowers on parasitism rates is that the 
release/recover method used was not able to detect the response of parasitoids to flowers. It 
has already been mentioned that the very high density of hosts on release branches may 
have been extremely attractive to parasitoids, overriding any effect of the floral treatment. 
The release method may also have failed because it fails to distinguish between fed and 
unfed D. tasmanica. In the laboratory, female D. tasmanica are capable of successfully 
attacking hosts at a rate of around 17 per day, for two days, without having had access to 
any food source (Chapter 5). In the alyssum experiment, 80 % of leafrollers exposed to 
parasitoids for 26 hours were parasitised by D. tasmanica, producing between six and 13 
parasitoid cocoons per release branch. It is therefore possible that unfed D. tasmanica were 
responsible for parasitising the released leafrollers in this experiment, negating any effect 
of the floral treatment. 
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3.4.2 Sex ratio 
  
The presence of buckwheat flowers in the vineyard in Marlborough changed the offspring 
sex ratio of D. tasmanica from approximately equal proportions of each sex in control 
plots, to a more female-biased ratio with the flowers. The sex ratio of 0.5 found in control 
plots is likely to be the norm for this species, as this ratio was found in D. tasmanica reared 
from naturally-occurring leafrollers (Chapter 4). This equal sex ratio is to be expected, as it 
is thought to be the evolutionarily stable strategy (ESS) for a solitary parasitoid whose 
hosts do not have a clumped distribution (Godfray, 1994), according to Fisher’s principle 
(Fisher, 1930). Gregarious parasitoid species, and those with clumped hosts (such as a 
batch of eggs), where a number of siblings emerge in the same location, tend to conform to 
Hamilton’s local mate competition (LMC) theory (Hamilton, 1967), producing a female-
biased sex ratio. In this situation, a female parasitoid need only produce enough male 
offspring to mate with all their sisters. As one male can mate more than once, a female-
biased sex ratio results. This is further compounded because the haplodiploid nature of 
hymenopteran parasitoids means that inbreeding increases the relatedness of a mother to 
her daughters, compared with her sons, favouring the production of daughters (Godfray, 
1994). These trends of an equal sex ratio in outbreeding, solitary species, and a female 
biased sex ratio in inbreeding, gregarious species are frequently observed in nature 
(Waage, 1982; Griffiths and Godfray, 1988). Therefore, in this experiment, buckwheat 
flowers shifted the sex ratio away from the assumed ESS, in favour of an increase in 
female production. 
 
This may be a positive result in terms of enhancing biological control; if more females are 
produced in the presence of buckwheat, there is potential for a greater proportion of 
leafrollers to be parasitised in the next generation. A female-biased sex ratio could also 
contribute to a higher intrinsic rate of increase (Hall, 1993), an attribute of many effective 
natural enemies (Huffaker, Luck and Messenger, 1976). However, there are little field data 
to support the idea that altering parasitoid sex ratios in favour of female offspring can 
increase biological control of the pest (Hall, 1993). 
 
A number of mechanisms may have been involved this increase in female production with 
flowers. In Chapter 2, male D. tasmanica were more abundant on yellow sticky traps in the 
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presence of buckwheat than in control plots at Squire Estate. If these trap catches reflected 
the true abundance of male parasitoids, this greater male abundance could have resulted in 
a greater proportion of females mating. As these wasps are haplodiploid, like most 
Hymenoptera, this could allow more females to be produced in the next generation. 
Comins and Wellings (1985) presented a model showing how an increase in male density 
could result in an increase in the proportion of females produced. However, these authors 
also showed that the proportion of females should decrease with increasing host densities. 
The release/recovery method used in the present study presented a very high host density 
to parasitoids, although the effect of this would have been the same in both treatments.  
 
In the braconid Coeloides sordidator (Ratzeburg), sex ratio decreased with maternal age 
(Kenis, 1996). If the same is true for D. tasmanica, given that longevity in this species is 
greater with buckwheat flowers than with water only (Chapter 5, Irvin et al., 1999), a 
lower sex ratio could be produced. However, it is more common for female parasitoids to 
increase the sex ratio with age, possibly due to sperm depletion or reduced sperm viability 
(King, 1987), and this is demonstrated to be the case for D. tasmanica in Chapter 5. 
 
The rate of mating could have been increased if these parasitoids use flowers as a site for 
mate location (Jervis et al., 1993), or if an increase in the nutrition of male parasitoids 
made them more successful at finding and attracting females. The presence of flowers 
could have affected sex ratio through the process of fertilisation, if the nutrition of the 
female affects her ability to carry out fertilisation, or if sperm viability is affected by male 
nutrition. These mechanisms are discussed in more detail in Chapter 5. It is, however, 
unlikely that these mechanisms provide an explanation for the findings presented here, as 
the parasitoids were able to successfully produce an equal sex ratio in control plots, and so 
were obviously capable of mating and fertilising eggs in the absence of buckwheat flowers. 
The factor or factors responsible for the change in sex ratio with buckwheat must have 
induced female D. tasmanica to fertilise eggs more often than usual, or favoured the 
survival of female larvae in the hosts. Any explanation for this is pure speculation, as no 
research has been conducted to investigate the effect of flowers on parasitoid sex ratio in 
the field, and very little is known about the effect of nutrition on parasitoid sex ratio in the 
laboratory (see Chapter 5). 
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The sex ratio changes found in the buckwheat experiment conducted in Marlborough 
during the 1999-2000 season were not supported by results of the alyssum experiment in 
Canterbury in the 2000-2001 season, or by the sex ratio of D. tasmanica parasitising 
naturally-occurring leafrollers in another buckwheat experiment in Marlborough in the 
2000-2001 season (Chapter 4). Irvin (1999) used similar release/recover methods, with the 
same host/parasitoid system in an experimental apple orchard in Canterbury and also found 
no difference in the sex ratio of emerging D. tasmanica between buckwheat and control 
plots. This suggests that the increase in the proportion of female D. tasmanica produced 
with buckwheat reported in this chapter is not the normal response of this parasitoid to the 
presence of flowers. This discrepancy in results could be related to differences in climate 
between sites or years, or differences in parasitoid population dynamics. 
 
 
3.4.3 Conclusion 
 
The buckwheat and alyssum experiments described here, using a release/recover method, 
were unsuccessful in demonstrating any effect of floral resources on leafroller parasitism 
rate. There is a number of possible explanations for this result, but the most likely one is 
that the method did not distinguish between fed and unfed parasitoids. This release/recover 
method was used as a last resort when leafroller abundance was too low (in the buckwheat 
experiment), or plot sizes too small (in the alyssum experiment) to meaningfully sample 
natural leafroller populations. Future researchers should not waste resources on this 
method, but should focus on finding experimental sites where natural populations can be 
sampled. If host release is required, it should be done in a way that more closely represents 
the natural density of the host. This could involve a large number of widely spaced release 
sites, each with only one or two hosts. The high density leafroller release method used in 
these experiments does have a place, however, as an efficient means of obtaining D. 
tasmanica for laboratory cultures or experiments. 
 
The presence of flowers did have an effect on the offspring sex ratio of D. tasmanica. The 
presence of buckwheat induced a shift in sex ratio from the assumed ESS of 0.5 to a more 
female-biased sex ratio. However, this result was not repeated in the alyssum experiment, 
or in any other field studies of D. tasmanica sex ratio with flowers (Chapter 4, Irvin, 1999). 
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As very little is known about the effect of floral food on parasitoid sex ratio, no firm 
conclusions regarding the reasons for this result may be drawn. 
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4 PARASITISM AND ABUNDANCE OF NATURALLY-OCCURRING 
LEAFROLLERS 
 
This chapter investigates the effect of buckwheat and alyssum flowers on the abundance 
and parasitism rate of naturally-occurring leafrollers. Parasitoid and leafroller species 
composition and habitat preferences are also analysed. These experiments were conducted 
at three vineyards in Marlborough (buckwheat) and at one in Canterbury (alyssum) during 
the 2000-2001 season.  
 
 
4.1 Introduction 
 
Showing an effect of flowers on the efficiency of a parasitoid at reducing a pest’s 
population is a critical step in demonstrating the value of providing floral resources to 
parasitoids to enhance biological control. The ratio of parasitised hosts relative to the total 
number of hosts available (parasitism rate) is often used as a measure of the efficiency of 
the parasitoid (e.g. Mitchell, Hu and Okine, 1997; Cappuccino et al., 1998; Haseeb, 
Amano and Nemoto, 2000). Parasitism rate may at times be a poor indicator of the impact 
a parasitoid has on its host, because of the effect of host and parasitoid phenology (Van 
Driesche, 1983). However, because of the difficulties of overcoming these effects it 
remains the only useful measure of parasitoid efficiency (Van Driesche, 1983).  
 
The presence of flowers can increase the parasitism rate of many pests. Allen and Smith 
(1958) found higher parasitism rates of the alfalfa caterpillar, Colias philodice eurytheme 
Boisduval (Lepidoptera: Pieridae), by the braconid Apanteles medicaginis Muesebeck in 
alfalfa fields adjacent to a riverbank with abundant flowering weeds, compared with fields 
without weeds nearby. Leius (1967) found an 18-fold increase in the parasitism rate of the 
eastern tent caterpillar (Malacosoma americanum (F.), Lepidoptera: Lasiocampidae) in 
orchards with a rich understorey of wild flowers, compared with that in orchards with poor 
floral understoreys. In a chickpea crop with a border of coriander flowers, parasitism of 
gram pod borer was four times greater than that in chickpeas without a border (Pimbert and 
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Srivastava, 1989). Baggen and Gurr (1998) found that parasitism rates of potato moth were 
greater on potatoes growing close to a strip of flowers than on those 20 m distant.  
 
A reduction in pest abundance, preferably below an economic threshold, is the goal of all 
biological control research. A few studies have achieved this through the provision of 
flowers to enhance natural enemy activity: aphid abundance has been reduced by the 
presence of phacelia flowers in cabbage (White et al., 1995), and the survivorship of 
Colorado potato beetle larvae was reduced when dill flowers were present in eggplant 
fields (Patt, Hamilton and Lashomb, 1997b). These studies did not, however, relate these 
outcomes to economic pest thresholds. 
 
The experiments described in this chapter aim to determine whether buckwheat or alyssum 
flowers increase parasitism rates of leafrollers in vineyards. Leafroller abundance is also 
compared between treatments. Additional information gathered on leafroller and parasitoid 
communities and habitat preferences at the study sites is also presented and discussed. 
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4.2 Buckwheat: 2000-2001 season 
 
 
4.2.1 Introduction 
 
In the 1999-2000 grape-growing season, experiments were conducted in Cabernet 
Sauvignon vines at Squire Estate vineyard in Marlborough (Chapter 2; Chapter 3, Section 
3.2). Leafroller abundance in this cultivar was extremely low (0.08 % of leaves and 0.17 % 
of bunches infested), so a more leafroller-vulnerable cultivar was desirable for this 
experiment. Monitoring of leafroller populations on the different grape cultivars at Squire 
Estate during the 1999-2000 season revealed that leafroller populations were greatest in 
cultivars with tightly packed grape bunches and soft-skinned berries (such as Pinot Noir, 
Chardonnay and Sauvignon Blanc) (L. Berndt, unpublished data), in spite of the use of 
insecticides on these cultivars. The use of one of the more vulnerable cultivars during 
2000-2001 season was made possible because the company (Montana Wines Ltd) made the 
decision to reduce the use of broad-spectrum insecticides. Because of this, it was possible 
to conduct this experiment on Pinot Noir vines at three Montana Wines vineyards in 
Marlborough. 
 
Buckwheat (cv. Sinano Natsu) was chosen for use in this experiment because it can 
increase the abundance, longevity and parasitism rates of Dolichogenidea tasmanica 
(Stephens et al., 1998; Irvin, 1999; Irvin et al., 1999). Furthermore, buckwheat was 
successfully cultivated between vine rows at Squire Estate in the previous two growing 
seasons (Chapter 2, Hassan, 1999).  
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4.2.2 Methods 
 
Site description and experimental layout 
 
Pinot Noir vines at three Montana Wines vineyards in Marlborough were used for this 
experiment. The vineyards were Squire Estate, Kaituna Estate, and Fairhall Estate. At 
Squire Estate, 65 vine rows were used in two contiguous blocks (PNNA and PNNB, Fig. 
4.1a). Details of the management and layout of this vineyard are given in Chapter 2. The 
layout of the experiment was a randomised block design with five replicates (Fig. 4.1b), as 
used previously (Chapters 2 & 3). In each block, buckwheat and control were allocated 
respectively to one half of the row length to keep treatments as far apart as possible (Fig. 
4.1c). Treatment strips were 6 vine rows apart, giving a minimum distance of 12 m 
between treatments. Buckwheat was sown at 75 kg/ha in a 1.5 m-wide strip between vine 
rows on 13 October 2000, and began flowering around 28 November 2000. No insecticides 
were applied. 
 
At Kaituna Estate, 650 vine rows were used, consisting of nine contiguous blocks (PNNJ 
to PNNR, Fig. 4.2a). This vineyard was managed under the NZIWP scheme. Vine rows 
were orientated approximately north-south. Row length ranged from 207 m to 416 m, with 
an average of 300 m. The row spacing was 2.4 m, with a vine spacing of 1.8 m. The layout 
of the experiment was a randomised block design, with five replicates, as at Squire Estate 
(Fig. 4.2b). Buckwheat was sown the full length of allocated rows (Fig. 4.2c), unlike at the 
other two sites where it was sown in only half of the length of each row to increase the 
distance between treatments. At Kaituna Estate this was unnecessary beacause of the large 
scale of the experimental area: treatment strips were 64 to 66 vine rows apart 
(approximately 156 m). Buckwheat was sown in the same manner and on the same date as 
at Squire Estate, and it began flowering at around the same time as at that site. On 12 
December 2000, chlorpyrifos (Lorsban ®, 750 g/kg active ingredient, WP, applied at 1 
kg/ha) was sprayed on two sections of six vine rows, incorporating one of the buckwheat 
plots and one of the control plots. At the same time, tebufenozide (Mimic ®, applied at 
0.26 kg/ha, WP) was sprayed on two six-row sections near another buckwheat plot and 
another control plot, but not on any vines involved in sampling. These insecticides were 
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applied with a Technomer sprayer unit with T-jet nozzles that deliver 12-15 l/min. These 
insecticide sprays were not part of the present trial. 
 
At Fairhall Estate, two contiguous blocks (PNNA and PNNJ, Fig. 4.3a) consisting of 85 
vine rows were used. Rows were orientated approximately north-south, with a row spacing 
of 3 m and a vine spacing of 1.8 m. Rows were 445 m long. Vineyard management was 
under the NZIWP scheme. Trial layout and buckwheat planting and flowering were as for 
Squire Estate. Treatment strips were 8 vine rows apart (24 m) (Fig. 4.3c). On 8 December 
2000, chlorpyrifos (Lorsban ®, 500 g/l active ingredient, EC, applied at 1 kg/ha with 
Croplands Technoma sprayer with a water rate of 250 l/ha) was applied to the entire 
experimental area. The vine blocks immediately to the south of the trial, across an access 
road, had buckwheat and phacelia planted between every second pair of rows. These plants 
were flowering during the sampling period of this experiment. 
 
The first planting of buckwheat finished flowering in late January. In an attempt to have a 
second flowering of buckwheat, this planting was cultivated and new seeds were sown 
around 29 January. Due to a severe drought (Agnew, 2001) these seeds failed to germinate. 
Irrigation of the seeds was not possible, and the drip irrigation for the vines did not provide 
sufficient water for the buckwheat. 
 
Sampling methods 
 
Sampling started on 4 December 2000 at Squire Estate, followed by Kaituna Estate, and 
then Fairhall Estate. Each of the three sites took one and a half days to sample. The second 
sampling period started on 15 January 2001 and the vineyards were sampled in the same 
order as before. Sampling was planned to continue on a monthly basis until the grapes 
were harvested; however, after the failure of the second planting of buckwheat, the 
decision was made to end the experiment with the January sampling period. 
 67 
(a) 
 
 
 
(b) 
 
65 vine rows (154 m) 
 
4
5
5
 m
 (
2
5
2
 v
in
es
) 
block 1 
(13 vine 
rows) 
block 2 
(13 vine 
rows) 
block 3 
(13 vine 
rows) 
block 4 
(13 vine 
rows) 
block 5 
(13 vine 
rows) 
 
 
 
(c) 
 
4
5
5
 m
 (
2
5
2
 v
in
es
) 
             
 3 rows  6 vine rows (12 m)  4 rows  
 
 
 
 
 
Figure 4.1: Vineyard layout and experimental design at Squire Estate vineyard in the 2000-
2001 season: (a) the vineyard and surrounds; (b) the experimental area; (c) an example of 
one block, showing placement of buckwheat and control plots. 
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Figure 4.2: Vineyard layout and experimental design at Kaituna Estate vineyard in the 
2000-2001 season: (a) the vineyard and surrounds; (b) the experimental area; (c) an 
example of one block, showing placement of buckwheat and control plots. 
*A vineyard block is a unit of vines of one clone, or planted at the same time. 
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Figure 4.3: Vineyard layout and experimental design at Fairhall Estate vineyard in the 
2000-2001 season: (a) the vineyard and surrounds; (b) the experimental area; (c) an 
example of one block, showing placement of buckwheat and control plots. 
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Ten vines were sampled on each date in vine rows adjacent to each treatment plot. Random 
numbers were used to select vines, and the same vine was not sampled more than once. A 
25-vine buffer of unsampled vines was left at either end of each plot. Of the 10 vines 
sampled, five were in the row to the east of the treatment plot, and five were to the west, 
with each side sampled alternately; the first vine selected was to the west, the second to the 
east, the third to the west, and so on. Each of the two people sampling was assigned to 
either the west or the east for one plot, and they then sampled the other side for the next 
plot.  
 
On each vine, only the side facing into the treatment plot was sampled. The vine was 
divided into three sections, or feeding sites: grape bunches (BU, approximately 0.90 m 
above ground), lower canopy leaves (LC, up to approximately 1.2 m), and upper canopy 
leaves (UC, above 1.2 m). All leaves and bunches in each section were examined and the 
numbers of each sampled were recorded; only 1-2 seconds were spent searching each leaf 
or bunch. For each section of the vine the number of leafroller eggs, larvae, pupae, and 
empty leafroller webbing (‘leafroller evidence’), and the number of parasitoid cocoons 
were recorded. Any live leafrollers or parasitoid cocoons were collected into plastic bags 
and transferred at the end of the day to diet tubes (from HortResearch, Auckland) or empty 
polythene tubes for rearing at 17 oC with a 4 oC range and 16L:8D photoperiod. Leafroller 
larvae were not identified to species, but once adult leafrollers or parasitoids emerged, 
individuals were preserved for identification. Adult leafrollers were identified to species 
for Epiphyas postvittana, but only to genus for Ctenopseustis and Planotortrix, due to the 
lack of expertise available to separate the cryptic species within these genera. Specimens 
have been lodged with the Lincoln University Entomology Research Museum. 
 
Analysis 
 
Due to the small number of leafrollers collected, parasitism rates and leafroller abundance 
could not be analysed using ANOVA as was intended. Instead, leafroller data were pooled 
by treatment, vineyard, date or feeding site, and two-way Chi-squared contingency tables 
(Systat 9.01, SPSS Inc. 1999) were constructed, comparing the frequency of  parasitised 
with non-parasitised leafrollers, and the frequency of male with female D. tasmanica. Chi-
squared tests were also used to compare the frequency of leaves or bunches with and 
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without leafroller larvae, pupae and parasitoid cocoons (leafroller abundance), or empty 
leafroller webbing (leafroller evidence). Yates’ correction was used where more than 20 % 
of frequencies in a contingency table were less than five. 
 
After analysis, parasitism rates (expressed as a percent) and leafroller abundance were 
calculated for use in graphs and tables. Leafroller abundance was defined as the number of 
leafroller larvae, pupae or parasitoid cocoons collected per 100 leaves or bunches. 
Parasitoid cocoons were included here because a cocoon of a larval parasitoid, such as D. 
tasmanica, represents a host that was part of the same cohort as unparasitised late instar 
leafroller larvae and leafroller pupae. Therefore, if parasitoid cocoons are not counted, the 
parasitism rate of this cohort would be underestimated. Empty pupae and empty parasitoid 
cocoons were not taken into account because these may persist in the environment and so 
are cumulative over the growing season. 
 
Parasitism rates were calculated using the following formula: 
 
Parasitism rate  =   number of parasitoid cocoons collected or reared*     x  100 
          total number of live leafroller larvae, pupae and 
parasitoid cocoons collected 
 
(* gregarious parasitoid cocoons from one host were counted as one cocoon) 
 
 
4.2.3 Results 
 
Leafroller and parasitoid species 
 
Epiphyas postvittana was the most common leafroller species, constituting 89 %, 76 % and 
100 % of identified leafrollers collected from Squire, Kaituna and Fairhall Estates 
respectively (Table 4.1). Ctenopseustis spp. and Planotortrix spp. were also present at 
Squire Estate and Kaituna Estate (Table 4.1). In December, D. tasmanica was the only 
parasitoid species found. In January, Glyptapanteles demeter and Glabridorsum stokesii 
also emerged from collected leafrollers, although these two species were rare (Table 4.1). 
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The secondary sex ratio (proportion that were male, see Chapter 3, Section 3.1 for 
definition) of adult D. tasmanica was 0.5 (Table 4.2). No differences in sex ratio were 
found between treatments (December: χ2 = 2.0, df = 1, P = 0.157; January: χ2 = 0.0, df = 1, 
P = 1.0). 
 
 
Table 4.1: Outcome of rearing leafrollers and parasitoid cocoons collected in December 
2000 and January 2001 at three vineyards in Marlborough, with treatments combined. 
Unidentified leafrollers died of unknown causes before reaching adulthood. Leafrollers 
that died due to parasitism are recorded as the parasitoid species that emerged. 
 
Squire Kaituna Fairhall  
Leafroller Species Dec Jan Dec Jan Dec Jan 
  Epiphyas postvittana 5 20 0 13 5 6 
  Ctenopseustis spp. 0 2 2 0 0 0 
  Planotortrix spp. 0 1 0 2 0 0 
  Unidentified leafrollers 0 6 1 4 1 3 
Parasitoid Species       
  Dolichogenidea tasmanica 1 11 0 4 1 3 
  Glyptapanteles demeter 0 1 0 0 0 0 
  Glabridorsum stokesii 0 1 0 0 0 1 
Total number of leafrollers 
and parasitoids collected 
6 42 3 23 7 13 
 
 
Table 4.2: Sex ratio (proportion male) of adult D. tasmanica reared from leafrollers or 
parasitoid cocoons collected in buckwheat (B) and control (C) plots in December 2000 and 
January 2001, with all vineyards combined (n = number of adult insects reared, treatments 
did not differ significantly at P = 0.05). 
 
Date Treatment D. tasmanica 
Dec B 0 (n=1) 
 C 1.0 (n=1) 
Jan B 0.5 (n=10) 
 C 0.5 (n=2) 
 
 
Leafroller abundance 
 
Leafrollers were rare at all three vineyards on both dates. The maximum abundance found 
was in bunches in control plots at Squire Estate in January, of which 1.2 % were infested 
(Fig. 4.4b). At Squire Estate and Kaituna Estate, the abundance of leafrollers in bunches 
increased significantly from December to January (Squire: χ2 = 12.6, df = 1, P < 0.001; 
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Kaituna: χ2 = 12.9, df = 1, P < 0.001, Table 4.3), but leafroller abundance on leaves 
increased significantly only at Squire Estate over this period (Squire: χ2 = 8.2, df = 1, P = 
0.004; Kaituna: χ2 = 0.9, df = 1, P = 0.350 (Yates’ corrected Chi-square), Table 4.3). 
Leafroller abundance at Fairhall Estate did not change significantly over time (Bunch: χ2 = 
0.002, df = 1, P = 0.966; Leaves: χ2 = 3.1, df = 1, P = 0.078 (Yates’ corrected Chi-square), 
Table 4.3). Squire Estate had the greatest leafroller abundance of the three vineyard sites 
(Table 4.3). Leafrollers were more abundant in bunches than on leaves (Table 4.3). In 
December the leafroller population consisted entirely of larvae, but in January some pupae 
and parasitoid cocoons were found (Table 4.4). No leafroller eggs were found on either 
date.  
 
Table 4.3: The change in leafroller abundance in bunches and on leaves between December 
2000 and January 2001 at each vineyard (** P < 0.005, *** P < 0.001, comparing between 
dates). 
 
 Leafroller abundance in bunches 
(% bunches with leafroller or parasitoid) 
Leafroller abundance on leaves 
(% leaves with leafroller or parasitoid) 
Vineyard Dec Jan Dec Jan 
Squire Estate 0.20*** 0.94*** 0.01** 0.08** 
Kaituna Estate 0.06*** 0.52*** 0.01 0.02 
Fairhall Estate 0.18 0.17 0 0.02 
 
 
Treatment had a significant effect on leafroller abundance in bunches at Fairhall Estate in 
December, with leafrollers found only in control plots at this site (χ2 = 4.8, df = 1, P = 
0.029, Fig. 4.4e). No effect of treatment on leafroller abundance was found at any other 
vineyard, or on any other date (Fig. 4.4). Leafroller evidence, in the form of webbing 
between leaves or in bunches (with no live leafrollers or parasitoids present) was 
significantly more abundant in control plots than in buckwheat plots in January, but not in 
December (Dec: χ2 = 0.8, df = 1, P = 0.383; Jan: χ2 = 4.5, df = 1, P = 0.034, Table 4.4).  
 
Table 4.4: Number of leafrollers, parasitoids and leafroller evidence found (prior to 
rearing) during leaf and bunch surveys in buckwheat (B) and control (C) plots in December 
2000 and January 2001 at all three vineyards combined (* P < 0.05, comparing between 
treatments). 
 
Date Treatment Total leaves & 
bunches surveyed 
Leafroller 
larvae 
Leafroller 
pupae 
Parasitoid 
cocoons 
Leafroller 
eggs 
Leafroller 
evidence 
Dec B 29097 5 0 0 0 8 
 C 29747 11 0 0 0 5 
Jan B 37531 30 5 7 0 30* 
 74 
 C 36841 22 12 2 0 48* 
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Figure 4.4: Leafroller abundance in buckwheat and control plots at each feeding site at 
each vineyard in December 2000 and January 2001. BU = grape bunch, LC = lower 
canopy leaves, UC = upper canopy leaves. (a) Squire Estate, Dec.; (b) Squire Estate, Jan.; 
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(c) Kaituna Estate, Dec.; (d) Kaituna Estate, Jan.; (e) Fairhall Estate, Dec.; (f) Fairhall 
Estate, Jan. (* P < 0.05, no other bars differ significantly at P = 0.05). 
Parasitism rate 
 
The parasitism rate of leafrollers was significantly greater in buckwheat than in control 
plots at Squire Estate (χ2 = 4.1, df = 1, P = 0.042, Fig. 4.5). Kaituna Estate showed the 
same trend, but no significant difference was found (χ2 = 2.5, df = 1, P = 0.114, Fig. 4.5), 
and at Fairhall Estate there was no effect of treatment on parasitism rate (χ2 = 0, df = 1, P 
= 1, Fig. 4.5). Across all vineyards, treatment did not have an effect on the parasitism rate 
at each feeding site (BU: χ2 = 1.3, df = 1, P = 0.246; LC: χ2 = 0.6, df = 1, P = 0.439; UC: 
χ
2 = 0.8, df = 1, P = 0.375; Fig. 4.6). There was, however, a significant difference in 
parasitism rate between feeding sites, with the rate from the upper canopy more than 
double that in the bunches (χ2 = 8.9, df = 1, P = 0.003, Fig. 4.7). Parasitism rates in the 
lower canopy were similar to those in the bunches, but the number of leafrollers collected 
from the lower canopy was too small for any significant differences to be found (BU x LC: 
χ
2 = 0.01, df = 1, P = 0.939; LC x UC: χ2 = 2.1, df = 1, P = 0.144; Fig. 4.7). Vineyard and 
date did not significantly affect parasitism rate (vineyard: χ2 = 2.1, df = 2, P = 0.352; date: 
χ
2 = 1.9, df = 1, P = 0.169). 
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Figure 4.5: Parasitism rate of leafrollers 
collected in buckwheat and control at 
each vineyard. All dates and feeding sites 
combined (n = number of leafrollers and 
parasitoid cocoons collected, * P < 0.05). 
 Figure 4.6: Parasitism rate of leafrollers 
collected in buckwheat and control at 
different feeding sites (BU = bunch, LC = 
lower canopy leaves, UC = upper canopy 
leaves). All dates and vineyards combined 
(n = number of leafrollers and parasitoid 
cocoons collected, P > 0.05). 
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Figure 4.7: Parasitism rate of leafrollers collected 
from grape bunches (BU), lower canopy leaves 
(LC) and upper canopy leaves (UC). All treatments, 
sites and dates combined (n = number of leafrollers 
and parasitoid cocoons collected; bars with 
different letters differ significantly, P < 0.05). 
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4.3 Alyssum: 2000-2001 season 
 
 
4.3.1 Introduction 
 
Because of the early finish of the buckwheat trial due to drought (Section 4.2), an 
additional, small-scale, experiment was set up in January at Giesen Wine Estate in 
Canterbury. To make the most of the time left before the grape harvest, flowers needed to 
be hand planted from nursery-produced plants. Alyssum was ideally suited for use in this 
situation as it is commonly sold as a bedding plant at garden centres. Alyssum also has a 
proven record for increasing populations of beneficial insects (Chaney, 1998), and can 
increase the abundance and parasitism rate of D. tasmanica (Irvin, 1999). Because plot 
sizes in this experiment were much smaller than those in experiments in Marlborough, 
naturally-occurring leafroller populations could not be repeatedly sampled. Therefore 
leafroller releases were made to compare parasitism rates between treatments (Chapter 3, 
Section 3.3), and a one-off collection of naturally-occurring leafrollers was made close to 
the grape harvest (this section). 
 
 
4.3.2 Methods 
 
Leafroller collection 
 
Naturally occurring leafrollers were collected from vines adjacent to alyssum and control 
plots which were set out in a randomised block design in Riesling vines at Giesen Wine 
Estate, Canterbury. Details of the layout and planting of this trial were given in Chapter 3 
(Section 3.3.2). Leafrollers were collected on 24 and 26 April 2001, a few weeks before 
the grape harvest. In each replicate, a 6.8 m section of vines (between six and ten vines) 
adjacent to the plots was searched and leafroller larvae, pupae and parasitoid cocoons 
collected for rearing. In each section of vines, only the side of the vine row facing the 
treatment plot was searched. Therefore, leaves and bunches searched on the vines to the 
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north of the plot faced south, and those to the south faced north. Two surveyors alternated 
the side searched (north or south) in each replicate to reduce observer bias. All bunches in 
the selected area of vines were examined and counted (for leafroller abundance 
calculations), and leaves were scanned for signs of damage indicating leafroller presence. 
Leaves were not counted and leafroller abundance on leaves was not estimated. This was 
because leafrollers do not cause economic damage on leaves (Lo and Murrell, 2000), few 
leafrollers are found on leaves compared with bunches (Section 4.2), and labour was 
limited. Collected leafrollers were placed in diet tubes (from Hort Research, Auckland) and 
reared at 17 oC with a 4 oC range and a 16L:8D photoperiod.  
 
Insect identification 
 
Collected leafrollers were not identified at the larval stage, so it is not known what species 
were parasitised. Adult parasitoids that were reared were identified to species. Adult 
leafrollers were identified to genus for the endemic genera Ctenopseustis and Planotortrix, 
and to species for the adventive species Epiphyas postvittana. All specimens have been 
deposited in the Lincoln University Entomology Research Museum. 
 
Analysis 
 
Leafroller parasitism rate (expressed as a percent) was calculated using the same formula 
as that given in Section 4.2.2. Leafroller abundance and parasitism rate were analysed as a 
split-split plot under a randomised block design using ANOVA (Systat 9.01, SPSS Inc. 
1999), with treatment as the main plot factor, and side (north or south) and feeding site 
(bunch or leaf) as split plot factors. The appropriateness of the parametric ANOVA for 
these data was confirmed by inspection of the normality of residual plots. Interactions 
between feeding site, treatment and side could not be analysed due to missing data points. 
Sex ratios were analysed using Chi-squared tests (Systat 9.01, SPSS Inc. 1999) because 
missing data points made the use of ANOVA impossible. This was done by comparing the 
number of male and female D. tasmanica in each treatment (alyssum or control), on each 
side of the plot (north or south) and at each vine position (leaf or bunch). After analysis, 
the frequencies of male and female parasitoids were converted into the proportion of male 
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parasitoids (the sex ratio). Leafroller abundance was defined as the number of larvae, 
pupae or parasitoid cocoons collected per 100 bunches (percent bunches infested). Empty 
pupae or empty parasitoid cocoons were not taken into account. 
 
 
4.3.3 Results 
 
Leafroller and parasitoid species 
 
Eighty-six percent of identified leafrollers were Ctenopseustis spp., although E. postvittana 
and Planotortrix spp. were also present (Table 4.5). Dolichogenidea tasmanica was the 
dominant parasitoid species found (Table 4.5). The presence of alyssum flowers did not 
affect the sex ratio (proportion male) of D. tasmanica, which was 0.48 in both treatments 
(χ2 = 0.001, df = 1, P = 0.977). Feeding site and side of plot also had no effect on 
parasitoid sex ratio (feeding site: χ2 = 0.225, df = 1, P = 0.635; side of plot: χ2 = 3.511, df 
= 1, P = 0.061).  
 
Table 4.5: Total number of adult leafrollers and parasitoids reared from those collected 
from alyssum and control plots at Giesen Wine Estate in April 2001. Unidentified 
leafrollers died of unknown causes before reaching adulthood. Leafrollers that died due to 
parasitism are recorded as the parasitoid species that emerged. 
 
Leafroller species Alyssum Control 
Ctenopseustis spp. 34 25 
Epiphyas postvittana 1 2 
Planotortrix spp. 7 0 
Unidentified leafrollers 15 10 
Parasitoid species   
Dolichogenidea tasmanica 44 29 
Glabridorsum stokesii 1 0 
Total number of leafrollers 
and parasitoids collected 
102 66 
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Leafroller abundance 
 
Leafrollers were rare at Giesen Wine Estate in April: the maximum mean abundance was 
2.7 % of bunches infested in alyssum plots (Fig. 4.8). Leafroller abundance was not 
significantly affected by the presence of alyssum or the side of the plot sampled (treatment: 
F = 0.723, df = 1, P = 0.443, Fig. 4.8; side of plot: F = 4.03, df = 1, P = 0.115). 
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Figure 4.8: Leafroller abundance in bunches in alyssum and 
control plots at Giesen Wine Estate (P > 0.05, error bars = 
+/- 1 SE). 
 
 
Parasitism rate 
 
The presence of alyssum flowers had no effect on the parasitism rate of leafrollers, which 
was around 40 % in both treatments (F = 0.86, df = 1, P = 0.784, Figure 4.9). The side of 
the plot sampled also had no effect on parasitism rate (F = 0.81, df = 1, P = 0.790), nor did 
the feeding site of the leafrollers (leaves or bunches) (F = 0.21, df = 1, P = 0.656, Fig. 
4.10). 
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Figure 4.9: Parasitism rates of leafrollers 
collected from alyssum and control plots at 
Giesen Wine Estate (P > 0.05, error bars = 
+/- 1 SE). 
 Figure 4.10: Parasitism rates of 
leafrollers collected from grape bunches 
and leaves at Giesen Wine Estate (P > 
0.05, error bars = +/- 1 SE). 
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4.4  Discussion 
 
 
4.4.1 Species composition 
 
Leafrollers 
 
The leafroller species composition differed between the two experimental regions used in 
this study, with E. postvittana numerically dominant at the Marlborough vineyards, and 
Ctenopseustis spp. dominant at the Canterbury site, although E. postvittana, Ctenopseustis 
spp. and Planotortrix spp. were present in both regions. An extensive survey of pests 
present on grape vines in New Zealand found E. postvittana, C. obliquana and P. 
excessana in both Canterbury and Marlborough (Dance, 1994), although the relative 
abundance of these species was not investigated. Other surveys, not on vines, have found 
E. postvittana, C. herana and P. octo in Canterbury (Suckling et al., 1990; Burnip and 
Suckling, 2001; Suckling et al., 2001). In Marlborough, a survey is currently under way 
using pheromone traps in stonefruit orchards, and to date it appears that E. postvittana, C. 
obliquana, C. herana, P. octo and P. excessana are all present in that region (G. Burnip, 
pers. comm.). The variety of reported species compositions may be in part due to the 
difficulty of correctly separating species of the two endemic leafroller genera as larvae 
(Ctenopseustis and Planotortrix). Confidence in separating these species has improved in 
recent years, and since the present study was conducted, a new identification manual has 
been produced (Dugdale et al., 2002). 
 
Leafroller abundance and species composition vary with geographic region and host plant 
(Suckling et al., 1998). To date there has been no research published on the relative 
abundance of different leafroller species in New Zealand vineyards. Tate, 
Balasubramaniam and Charles (1995) stated that E. postvittana is usually the most 
common leafroller species in New Zealand vineyards, but no evidence was given to 
support this claim. Most leafroller research in this country has been conducted in relation 
to pipfruit orchards (e.g. Suckling et al., 1998; Burnip and Suckling, 2001). In these 
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studies, C. obliquana was dominant in Hawke’s Bay; E. postvittana, Planotortrix 
excessana, C. obliquana and C. herana were equally abundant in Nelson; and in 
Canterbury, C. herana was dominant, with E. postvittana also abundant. 
 
Parasitoids 
 
Eighty-seven percent of parasitoids reared from leafrollers collected in Marlborough, and 
99 % of parasitoids from Canterbury were D. tasmanica. Two other parasitoid species, 
Glyptapanteles demeter and Glabridorsum stokesii, were also present at some vineyards. 
D. tasmanica is a solitary larval parasitoid that attacks first and second instar hosts and 
emerges from fourth instar larvae (Dumbleton, 1935; Early, 1984). It has commonly been 
found to be the dominant parasitoid of pest leafrollers in New Zealand: in canefruit in 
Hawke’s Bay (Charles, Walker and White, 1996), in vineyards in Gisborne (Clearwater, 
2000), and on various host plants in Hawke’s Bay, Nelson, Canterbury and Central Otago 
(Suckling et al., 1998). 
 
Only one leafroller, collected from Squire Estate vineyard in Marlborough, was parasitised 
by G. demeter. This species is a gregarious larval parasitoid, endemic to New Zealand. It 
parasitises second and third instar leafrollers preferentially, but may attempt to attack any 
instar (Early, 1984). Parasitoid larvae emerge from late instar hosts. Previous studies have 
found G. demeter to be present, but uncommon, as a parasitoid of pest leafrollers in 
Hawke’s Bay, Nelson and Canterbury (Charles, Walker and White, 1996; Suckling et al., 
1998). By contrast, G. demeter was the only parasitoid species found on leafrollers 
released on grape bunches at an Auckland vineyard (Tate, Balasubramaniam and Charles, 
1995), suggesting that it may be more important as a leafroller natural enemy in the north 
of the country.  
 
Glabridorsum stokesii was present at two of the Marlborough vineyards, and at Giesen 
Wine Estate in Canterbury. This species is a solitary pupal parasitoid which was introduced 
to New Zealand from Australia in the 1960s (Early, 1984). Most published leafroller 
surveys have sampled only larvae (Charles, Walker and White, 1996; Suckling et al., 
1998), and so there is little information available on the distribution of this pupal 
parasitoid. 
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Parasitoid sex ratio 
 
The offspring sex ratio (proportion male) of D. tasmanica reared from collected leafrollers 
was around 0.5 at both the Marlborough and the Canterbury study sites. This equal sex 
ratio is to be expected, as it is thought to be the evolutionarily stable strategy (ESS) for a 
solitary, outbreeding parasitoid (Godfray, 1994), according to Fisher’s principle (Fisher, 
1930). The theory behind this was examined in more detail in Chapter 3, Section 3.4.2. In 
Marlborough in December the number of adult wasps reared was so low that the sex ratios 
found (0 in buckwheat and 1 in control, Table 4.2) are meaningless. At these sites in 
January, more wasps were reared, and both treatments had a ratio of 0.5.  
 
More D. tasmanica were reared from leafrollers collected at the Canterbury site than from 
Marlborough, where the mean sex ratio was 0.48. The presence of alyssum did not have an 
effect on sex ratio at this site, a result supported by a study on this species in a Canterbury 
apple orchard with and without floral resources (Irvin, 1999). The issue of parasitoid sex 
ratio is discussed in more detail in Chapters 3 and 5. 
 
 
4.4.2 Leafroller abundance 
 
Leafrollers were rare at sites in both Marlborough and Canterbury during this study. Their 
abundance on leaves was never greater than 0.1 % infested, and in bunches it was less than 
1 % infested for most sites and dates (Table 4.3, Fig. 4.4). By comparison, in Hawke’s Bay 
vineyards, infestation of bunches is typically less than 0.5% before January, and less than 5 
% in March, although 29 % infestation has been recorded late in the growing season (Lo 
and Murrell, 2000). In this study a similar increase in abundance over the season was 
observed. Leafroller abundance increased from December to January in Marlborough, and 
abundance in bunches at the Canterbury site in April was greater than that found in 
Marlborough on either date. More complete leafroller phenology data could not be 
obtained due to a drought, which resulted in the Marlborough experiments finishing earlier 
than expected. 
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Work is currently under way to develop economic thresholds for leafrollers in New 
Zealand vineyards (Anonymous, 2001a), but until this is completed it is not possible to say 
whether the abundance of leafrollers in this study constituted an economic threat. A 
threshold developed for Australian vineyards suggests that more than four leafroller larvae 
per 50 bunches (8 % infestation in bunches) requires intervention (Clancy, 1997), although 
the effect of vine cultivar or time of sampling on this threshold was not stated. This 
threshold is well above the values found in this study, but it is important to note that the 
biology of leafrollers in Australia may differ from that found in New Zealand.  
 
In a vineyard in Victoria, Australia, leafroller abundance was greatest in spring, and 
declined during the summer (Buchanan, 1977). By contrast, New Zealand leafrollers 
increase in abundance throughout the growing season (this study, Lo and Murrell, 2000). 
Therefore, small numbers of leafrollers present in December or January may increase in 
abundance and cause a significant problem when the grape bunches are most vulnerable 
near harvest in March or April. Leafrollers have the greatest effect on grape yields from 
February onwards in Hawke’s Bay (Lo and Murrell, 2000). This is because leafroller 
population increase coincides with the grapes becoming more susceptible to diseases such 
as botrytis, which can enter grapes through leafroller feeding scars, and may also be 
transmitted by leafrollers (Bailey et al., 1997). 
 
The effect of flowers 
 
The presence of buckwheat significantly reduced leafroller abundance compared with 
control treatments in Marlborough, but this was only in bunches at Fairhall Estate in 
December (Fig. 4.4e). Only seven leafrollers were found at this site on this date, and all 
were from bunches in control plots, including five found on one vine. No other site, 
including Giesen Wine Estate in Canterbury, showed any effect of treatment on leafroller 
abundance. It is therefore unlikely that the signficant result signifies any real change in 
leafroller abundance due to the presence of buckwheat. 
 
At the Marlborough study sites in January, the presence of buckwheat significantly 
reduced the amount of leafroller evidence found (defined as webbed feeding sites on leaves 
or in bunches which do not contain a live leafroller or parasitoid), compared with the 
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amount in control plots (Table 4.4). The presence of leafroller evidence may represent a 
cumulative measure of leafroller abundance over the growing season. Although this 
evidence persists on the vine after the leafroller has left (personal observation), it is not 
known how long this may last. Vineyard management practices may also affect the validity 
of this as a measure of abundance, as leaf plucking and mechanical trimming may be 
carried out at various times during the season, removing a proportion of the accumulated 
leafroller evidence. Assuming these limitations were equal across both treatments in this 
study, the significant effect of buckwheat in reducing the amount of leafroller evidence 
suggests that the presence of flowers may reduce leafroller damage. This was not picked 
up in measures of leafroller abundance, which represents leafroller presence at one point in 
time. The value of flowers to enhance parasitoid activity in reducing leafroller populations 
may be measurable only in the long term, over succesive seasons. A more immediate 
measure of the value of floral resources may be a reduction in damage caused over the 
season. 
 
 
4.4.3 Parasitism rate 
 
The presence of buckwheat flowers more than doubled the parasitism rate of leafrollers at 
Squire Estate vineyard in Marlborough, compared with control vegetation (Fig. 4.5). 
However, flowers had no effect on parasitism at the other vineyard sites in Marlborough, 
or at the alyssum experiment in Canterbury. Squire Estate had the highest leafroller 
abundance of the three Marlborough sites, which suggests that the presence of flowers may 
have an effect on parasitism only when leafroller populations are above a critical level of 
abundance. Leafrollers were, however, more abundant at Giesen Wine Estate, where 
flowers had no effect on parasitism, than at the Marlborough sites.  
 
Parasitism rates at most sites in Marlborough were around half that found at the Canterbury 
site. This may have been related to differences in species composition between the sites, as 
parasitism rates by D. tasmanica can differ between the New Zealand leafroller species 
(Suckling et al., 2001). However, in the study by Suckling et al. (2001), the parasitism rate 
of E. postvittana was significantly greater than that of C. herana. In this study, the reverse 
appears to be true: E. postvittana was the dominant species at the Marlborough sites, where 
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parasitism rates were low, and Ctenopseustis spp. were dominant in Canterbury, where 
parasitism rates were higher. These differences in parasitism rate may alternatively have 
been related to the different times in the season that samples were taken. 
 
Parasitism rates were highly variable in this study, with a range of 0 to 55 %. Similar 
variability has also been found in other studies. Charles, Walker and White (1996) found a 
range of 14 – 77 % parasitism of leafrollers in canefruit gardens in Hawke’s Bay. On non-
crop host plants, Suckling et al. (1998) found parasitism rates with ranges of 16 - 44 % in 
Hawke’s Bay, 24 – 59 % in Nelson, a rate of 31 % in Canterbury, and 10 % in Central 
Otago. A study in an Australian vineyard found that leafroller parasitism rates varied from 
0 to 40 % over the season (Buchanan, 1977). Variation in parasitism rate may be 
influenced by the availability of food to adult parasitoids at certain times, or in certain 
locations, as shown in the present study. However, food availability is unlikely to account 
for all this demonstrated variation in parasitism rate. Other factors, such as variations in 
leafroller species composition, and the timing of the collection of hosts, may also be 
important. The time of host collection can be critical in determining the parasitism rate 
found because hosts may be collected before parasitoids have had a chance to attack them 
(Van Driesche, 1983) 
 
Parasitism rate can be used as a measure of how efficient parasitoids are at reducing 
numbers of their host. For this measure to be valid, however, it is necessary to compile life 
table data to determine the relationship between pest abundance and parasitism rate (Van 
Driesche, 1983). Life tables have been constructed for E. postvittana in Victoria, Australia, 
where parasitoids were unimportant in determining population abundance, particularly for 
larval instars two to five (Danthanarayana, 1983). In that study, population fluctuations 
were related to the influence of climate (particularly high temperature and drought), the 
quality, variety and availability of food, and predation. These factors acted on egg 
production and the mortality of eggs and first instar larvae. Danthanarayana (1983) found 
that egg production was greatest under cooler conditions, with periods of high temperature 
and drought having the potential to cause leafroller populations to crash. However, mean 
maximum temperatures for summer months in Victoria were mostly between 30 and 40 oC 
(Danthanarayana, 1983), higher than the mean maxima for Marlborough (23-25 oC) and 
Canterbury (20-23 oC) in New Zealand (Anonymous, 2001c). 
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There has been no research comparable to Danthanarayana’s (1983) study published on the 
population ecology leafrollers in New Zealand, although a less in-depth, unpublished study 
was conducted on E. postvittana, C. obliquana and P. excessana in an apple orchard in 
Auckland (Green, 1984). As was found in Australia, mortality of first instar larvae during 
the dispersal phase was an important factor affecting leafroller population density in that 
study, although predation and parasitism of other larval instars were also considered to be 
major factors. In another unpublished study, Tomkins (1984) cited weather and parasitism 
as important factors affecting leafroller abundance in a Canterbury apple orchard, but life 
tables were not constructed and the effect of predators on early instars was not examined. 
Tomkins (1984) also found that parasitism rates of 45 % in the apple orchard in January 
did not prevent damage to fruit, possibly because the main parasitoid (D. tasmanica) does 
not stop larvae feeding until the fourth or fifth instar.  
 
The role various mortality factors play in regulating leafrollers in New Zealand vineyards 
needs to be investigated further before more resources are invested in developing 
biological control for this pest complex. On the basis of the studies described above, it 
seems unlikely that parasitoids have a major impact on leafroller populations. Predators, 
particularly spiders and earwigs (Danthanarayana, 1983), may play a more important role 
and deserve further study. 
 
 
4.4.4 Habitat preferences of leafrollers and parasitoids 
 
At the three Marlborough study sites, leafrollers and parasitoids were collected from three 
feeding sites on the vine: bunches, lower canopy leaves and upper canopy leaves. The 
greatest number of leafrollers and parasitoids (67) were collected from bunches: three 
times more than the 22 found on upper canopy leaves. Very few (6) were found on lower 
canopy leaves, which surround, and are immediately above the bunches. Parasitism rates 
also differed between the feeding sites. In bunches and on lower canopy leaves, around 20 
% of leafrollers were parasitised, compared with 50 % on upper canopy leaves (Fig. 4.7).  
 
The lower leafroller abundance on upper canopy leaves may be a consequence of the 
higher parasitism rate, or it may relate to leafroller egg laying behaviours or habitat 
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preferences, or to vineyard management practices. The vines in this study were 
mechanically trimmed, which may remove leafrollers on trimmed leaves, and disturb 
remaining leafrollers causing them to move down the vine into the bunches. Grape 
bunches, especially tight-bunch varieties such as Pinot Noir, provide an excellent habitat 
for leafrollers; they are protected within the bunch structure, humidity is high, and grape 
berries provide a good food source. The higher parasitism rate found in the upper canopy 
may reflect a preference on the part of the main parasitoid, D. tasmanica, for hosts in this 
feeding site. This is unlikely, however, because this difference between feeding sites was 
not observed at the Canterbury site. 
 
At Giesen Wine Estate in Canterbury, more leafrollers and parasitoid cocoons were 
collected from leaves (no distinction was made between upper and lower canopy) than 
from bunches. However, as was found in Marlborough, leafroller abundance (percent of 
leaves or bunches infested) was greater in bunches than on leaves. Parasitism rate did not 
differ between leaves and bunches. This difference between the Marlborough and 
Canterbury sites could be due to differences in leafroller species composition, grape 
cultivar (Pinot Noir versus Riesling), management practices, or sampling date 
(December/January versus April). 
 
 
4.4.5 Conclusion 
 
Leafroller species composition differed between the Marlborough and the Canterbury sites, 
with E. postvittana and Ctenopseustis spp. dominant in each region respectively. 
Dolichogenidea tasmanica was the dominant parasitoid species in both regions. The 
presence of buckwheat increased leafroller parasitism, but only at one of the three 
Marlborough sites. This vineyard also had the greatest leafroller abundance of the 
Marlborough sites, suggesting that the effect of flowers may be observed only when 
leafroller populations reach a certain level of abundance. The presence of alyssum had no 
effect on parasitism rate before the grape harvest in Canterbury, although leafroller 
abundance was higher at this site than in Marlborough. This lack of effect of flowers may 
have been due to the smaller scale of the Canterbury experiment. Leafroller abundance in 
general was low, although research into economic thresholds for leafrollers in New 
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Zealand vineyards has not yet been completed (Anonymous, 2001a), so no conclusion can 
be drawn regarding the economic impact of the observed abundances. Research is also 
needed to assess the importance of parasitoids in regulating leafroller abundance vineyards 
in this country. 
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5 THE EFFECT OF ALYSSUM ON THE LONGEVITY, FECUNDITY 
AND SEX RATIO OF DOLICHOGENIDEA TASMANICA IN THE 
LABORATORY 
 
In this chapter, the effect floral resources have on aspects of parasitoid fitness is 
investigated in two experiments. In the first, leafroller larvae were presented on potted 
vines to parasitoids. The vines were later found to be contaminated with honeydew-
producing whiteflies. This experiment therefore unintentionally compared floral food plus 
honeydew, with honeydew only as a food resource for the parasitoids. In the second 
experiment, leafroller larvae on artificial diet were presented to parasitoids, to remove the 
possibility of honeydew contamination. This experiment compared the effect of floral food 
resources on parasitoid longevity, fecundity and secondary sex ratio (see Chapter 3, 
Section 3.1 for definition), with the effect of water only. 
 
 
5.1 Introduction 
 
To support field experiments, such as those described in the previous chapters, it is 
important to examine the effect of floral resources on the fitness of parasitoids (Jervis, 
Kidd and Heimpel, 1996; Gurr, van Emden and Wratten, 1998), and this is most readily 
done in the laboratory. Longevity, fecundity and, to a lesser extent, sex ratio are aspects of 
parasitoid biology that are often used to describe fitness (Roitberg, Boivin and Vet, 2001). 
Fecundity is probably the most direct measure of fitness (Roitberg, Boivin and Vet, 2001), 
and increased fecundity is also positively correlated with success in biological control of 
Lepidoptera (Lane, Mills and Getz, 1999). In this study so far, field experiments have 
shown that Dolichogenidea tasmanica may respond to the presence of flowers in a 
vineyard by increasing in abundance (Chapter 2), increasing the parasitism rate (Chapter 
4), and altering the sex ratio in favour of female offspring (Chapter 3). In this chapter, 
some of the mechanisms behind these results will be examined in more detail in the 
laboratory. 
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Food consumption by the adults of many parasitic Hymenoptera affects their survival, 
reproduction and searching efficiency (Jervis, Kidd and Heimpel, 1996). Parasitoid 
longevity is often around five times greater with access to a carbohydrate food source, than 
to water only (Leius, 1961; Hocking, 1967; Leatemia, Laing and Corrigan, 1995; Irvin et 
al., 1999; Johanowicz and Mitchell, 2000). Potential fecundity (the egg load) and realised 
fecundity (the number of offspring produced) are also usually increased when food is 
present (Leius, 1961; Hocking, 1967; Yadav, 1985; Leatemia, Laing and Corrigan, 1995; 
Irvin, 1999).  
 
Sex ratio can vary in Hymenoptera due to their haplodiploid genetic system, where females 
develop from fertilised eggs and males develop from unfertilised eggs (Godfray, 1994). 
The effect of food on parasitoid sex ratio has rarely been studied but appears to be highly 
variable. Compared with water or no food, the provision of carbohydrate foods increased 
the proportion of male offspring in Trichogramma minutum Riley (Hymenoptera: 
Trichogrammatidae) (Leatemia, Laing and Corrigan, 1995), but decreased the proportion 
of male offspring in Microbracon beneficentor Vier. (Hymenoptera: Braconidae) (Khafagi, 
1998). No mechanisms have been proposed that might account for these results.  
 
Food availability may also affect egg viability, initiation and timing of flight, foraging 
decisions, diapause among progeny, competitive interactions among parasitoid species, and 
host and parasitoid population dynamics (Jervis, Kidd and Heimpel, 1996). Adult food 
therefore plays an important role in maximising the ability of parasitoids to control pests. 
 
The type and quality of food also affects the degree of benefit gained by the parasitoid 
(Jervis, Kidd and Heimpel, 1996). Parasitoids may feed on nectar and pollen from flowers, 
extrafloral nectar, homopteran honeydew, or host haemolymph or tissues (Bugg, Ellis and 
Carlson, 1989; Jervis, Kidd and Walton, 1992; Lewis et al., 1998). Honey or nectar usually 
produces the greatest adult longevity in the laboratory, compared with sucrose, honeydew, 
host food, pollen or water (Hocking, 1967; Leatemia, Laing and Corrigan, 1995; Irvin et 
al., 1999; Johanowicz and Mitchell, 2000). Proteinaceous food, such as pollen or host 
tissues, should have the greatest effect on fecundity (Jervis, Kidd and Heimpel, 1996), 
particularly for synovigenic parasitoids, which mature eggs during their adult life 
(Godfray, 1994). However, a combination of proteinaceous and carbohydrate foods may 
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produce the greatest fecundity (Leius, 1961). The type of food had no effect on the sex 
ratio of the host feeding species Itoplectis conquisitor (Say) (Hymenoptera: 
Ichneumonidae) (fed honey, host or a nutritionally complete diet) (House, 1980), and 
Bracon brevicornis Wesm. (Hymenoptera: Braconidae) (fed nectar, honey or host) (Yadav, 
1985).  
 
The effect of nectar may depend on the flower species used, as floral architecture can 
affect the ability of parasitoids to access the nectar (Jervis et al., 1993; Patt, Hamilton and 
Lashomb, 1997a). Plant species may also differ in the nutritional quality of the nectar they 
produce (Jervis et al., 1993). Honeydew can, on occasion, have a detrimental effect on 
parasitoid longevity and fecundity when harmful oligosaccharides, such as melezitose, are 
present (Leius, 1961; Jervis, Kidd and Heimpel, 1996). 
 
Previous work on D. tasmanica has found that longevity can increase five-fold in the 
presence of buckwheat flowers, compared with phacelia flowers, water and pollen, or 
water alone (Irvin, 1999). This suggests that phacelia nectar is inaccessible to D. 
tasmanica, possibly due to the deep corolla of this flower, and that pollen is not sufficient 
as a food source. Other experiments have shown that alyssum and coriander flowers, and 
broad bean extrafloral nectaries also increase the longevity of D. tasmanica (Irvin, 1999; 
Irvin et al., 1999). The potential fecundity of D. tasmanica increased when buckwheat 
flowers were available, compared with buckwheat with anthers removed, phacelia flowers, 
water and pollen, or water alone (Irvin, 1999). This suggests that this species requires both 
nectar and pollen for optimum fecundity. Dolichogenidea tasmanica has never been 
observed host feeding, despite frequent laboratory observations of oviposition behaviour 
and activity around the host (personal observation).  
 
In this chapter, the longevity, fecundity and sex ratio of D. tasmanica are examined in the 
presence and absence of flowering alyssum plants. Alyssum was chosen because the 
compact size of the plant makes it easier to use in the laboratory, compared with 
buckwheat, which can grow to around 1 m high. Previous laboratory experiments with 
buckwheat, and other flowers, have used cut flowers, which may affect the quality and 
quantity of the nectar (Irvin, 1999).  
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5.2 Experiment 1: Floral resources versus honeydew  
 
 
5.2.1 Introduction 
 
The following experiment examines the effect of alyssum flowers on the fecundity and 
offspring sex ratio of D. tasmanica in the laboratory. Longevity is also discussed, but 
because the experiment finished on the thirteenth day, this is valid only for the parasitoids 
that died within this time. The intention was to compare alyssum plants with flowers, with 
alyssum plants from which flowers were removed (the control), but the vine host plants in 
the experiment were contaminated with the greenhouse whitefly (Trialeurodes 
vaporariorum (Westwood), Hemiptera: Aleyrodidae). Therefore, this experiment 
compared alyssum flowers plus whitefly honeydew, with honeydew plus alyssum plants 
without flowers.  
 
Although unintentional, this comparison provides valuable information on the differences 
in quality of these two food sources. Nectar is mostly made up of simple sugars, mainly 
sucrose, fructose and glucose (up to 75 % by weight), but it also contains abundant free 
amino acids, and small amounts of proteins, lipids, dextrins and vitamins (Baker and 
Baker, 1983). Pollen is generally higher in protein, lipids and polysaccharides than nectar, 
and may also contain large quantities of free amino acids (Stanley and Linskens, 1974). 
Pollen may be an important source of protein necessary for egg maturation in some 
parasitoids (Jervis, Kidd and Heimpel, 1996). Like nectar, honeydew is carbohydrate-rich, 
although it does not contain all the amino acids required by parasitoids, and its nutritional 
quality varies with the homopteran source (Thompson and Hagen, 1999). As it is a waste 
product, honeydew is likely to be less nutritionally valuable to parasitoids than nectar, 
which has evolved to reward pollinating insects and other animals (Baker, Opler and 
Baker, 1978). 
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5.2.2 Methods 
 
Experimental design 
  
Six replicates of each treatment (alyssum and control) were set up across three controlled 
environment rooms in a randomised block design. Room temperatures were set at 15 oC 
with a 16L:8D photoperiod. Humidity could not be controlled, but was measured (Table 
5.1). Each replicate consisted of a 51 x 51 x 56 cm clear Perspex cage, with a 25 x 25 cm 
mesh covered door (see Plates 5.1 & 5.2, Section 5.3). Each cage contained one male and 
one female D. tasmanica, a potted alyssum plant with or without flowers, a vial with 
water-saturated cotton wool and a potted grape vine (cv. Riesling) infested with second 
instar Epiphyas postvittana. Alyssum plants without flowers were used in control cages to 
control for any effect of shelter on the parasitoids, and to limit differences in humidity. 
Each cage was illuminated by six fluorescent tubes (three Osram L30W/77 Fluora, and 
three Osram L30W/11-860 Luminex Plus Daylight). 
 
Parasitoid selection 
 
Parasitoids used in this experiment emerged from cocoons inside diet tubes on 10 February 
2001 and were given no food or water before release into the cages on 11 February. 
Twelve parasitoids were selected from those that had hatched, with the criteria for 
selection being that they were alive and moving in an apparently normal manner. One male 
and one female were randomly assigned to each cage. The parasitoids were released into 
the cages after the leafroller infested vine, the alyssum plant and the water vial were in 
place. Dolichogenidea tasmanica used in this experiment were reared from E. postvittana 
released on and recovered from Riesling vines in the Lincoln University vineyard using the 
method described in Chapter 3. 
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Daily procedure 
 
Temperature was recorded daily in each room throughout the experiment, using one 
maximum/minimum thermometer attached to the wall of each room. Six 
maximum/minimum thermometers were available to measure cage temperature. Two were 
assigned to each room and moved between the four cages in that room so the temperature 
in each cage was measured for alternate 24 hour periods. Cage humidity was measured 
with three digital thermometer/hygrometers. These were randomly assigned to cages 
initially, and then moved to the next cage each day. This gave two or three readings for 
each cage. Cage temperature was also recorded from these thermometer/hygrometers. Each 
day, cages were checked for parasitoid death, temperature and humidity was recorded for 
each cage, and flower buds were removed from alyssum plants in the controls. 
 
Leafroller rearing 
 
Twelve grape vines were infested with E. postvittana larvae from a colony maintained by 
HortResearch, Auckland, which were hatched on the vine three or four days before 
introduction of the vines to the cages. A week before use, each vine was sprayed with 
Yates Pyrethrum insecticide (active ingredient: 14 g/L pyrethrum and 56.5 g/L piperonyl 
butoxide, applied at label rates using a hand-held sprayer), left in the sun for a few hours 
and then washed off with water and further exposed to sunlight (to degrade the 
insecticide). Two thousand leafroller eggs were divided between the 12 vines, giving 
approximately 170 eggs per vine. Vines were replaced on four occasions, on every fourth 
day (11, 14, 17 and 20 February), giving four sets of three days each. While vines were 
being replaced the parasitoids were captured and held in a jar inside the cage. Vines and 
alyssum plants were watered and water vials were refilled if necessary when vines were 
changed at the end of each three-day set. When exposed vines were removed from the 
cages they were labelled and left on the shelf next to the cage they came from until the 
leafrollers could be removed. Care was taken to ensure vines were not next to each other so 
leafrollers were not able to transfer between vines.  
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Leafroller removal 
 
Leafrollers were removed from the vines and transferred to individual diet tubes for rearing 
at 20 oC. The number of leafrollers surviving on each vine was highly variable, particularly 
between the different sets of vines. The labour available to transfer leafrollers from the 
vines to diet tubes was limited to around 80 leafrollers per vine. Some of the vines 
therefore had to be sub-sampled. For set one and set three all leafrollers were removed 
from each vine. For set two, approximately five leafrollers from each leaf were 
haphazardly sampled. For set four, the sub-sampling method was refined. The number of 
leafrollers on each of these vines was estimated and a proportion calculated to give a 
sample of approximately 80 leafrollers. This proportion were haphazardly sampled from 
each leaf to solve the problem of leafrollers being unevenly distributed across different 
leaves. For example, if 80 leafrollers made up 30 % of the total, 30 % of the leafrollers on 
each leaf were selected.  
 
When all leafrollers had finished development the number of dead caterpillars (those that 
died in the diet tubes without evidence of parasitism), leafroller pupae and parasitoid 
cocoons were recorded. Parasitoid cocoons were reared to emergence and the sex was 
recorded. As female D. tasmanica have conspicuous ovipositors, sex is easily determined 
with the naked eye. Cocoons that did not hatch within two months of formation (this 
usually takes around 19 days at 15 oC in the laboratory (personal observation)) were 
dissected and mature parasitoids were counted as hatched (‘mature’ was defined as those 
with fully developed and expanded wings). Incompletely developed cocoons were 
recorded as ‘incomplete’. 
 
Analysis 
 
Set 2 was excluded from the analysis of the fecundity (number of cocoons produced) of the 
parasitoids in each set. This was because the sub-sampling method used in this set meant 
that no estimate of the total number of cocoons produced could be made. The number of 
cocoons produced from each cage in set 4, which were also sub-sampled, were multiplied 
by correction factors according to what proportion of the total leafrollers on the vine were 
sampled. The analysis of sex ratio included all four sets. Data were analysed using 
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ANOVA (Systat, SPSS 1999) with rooms treated as blocks. The appropriateness of the 
parametric ANOVA for these data was confirmed by inspection of the normality of 
residual plots. 
 
 
5.2.3 Results 
 
During the course of the experiment some of the potted vines used in the cages had 
outbreaks of greenhouse whitefly, in spite of the insecticide treatment before use. As a 
result of these infestations, large quantities of honeydew were present in most cages, and 
parasitoids were seen apparently feeding from sticky droplets on the vine leaves. The 
degree to which each cage was affected was not recorded. To compensate for this failure of 
the controls to be food free, this experiment was repeated using different methods (see 
Section 5.3). However, the comparison of honeydew, with alyssum flowers plus honeydew 
is still a valid one, providing a comparison of two different food sources, and analysis was 
still carried out. 
 
The longevity of male and female D. tasmanica did not differ significantly between 
treatments (male: F = 0.63, df = 1, P = 0.451; female: F = 4.0, df = 1, P = 0.081; Fig. 5.1). 
However, surviving parasitoids were killed on the thirteenth day of the experiment, so 
longevity data were incomplete. Mean daily fecundity in each three-day set was unaffected 
by treatment (set 1: F = 0.43, df = 1, P = 0.531; set 3: F = 1.67, df = 1, P = 0.233; set 4: F = 
0.134, df = 1, P = 0.725, set 2 not analysed, Fig. 5.2), and did not differ between sets (F = 
1.8, df = 2, P = 0.180). Treatment affected offspring sex ratio differently in different sets 
(treatment x set interaction: F = 3.1, df  = 3, P = 0.039, Fig. 5.3). In set 1 and set 2 the 
proportion of offspring that were male was significantly lower in alyssum than in control 
(set 1: F = 7.2, df = 1, P = 0.027; set 2: F = 21.6, df = 1, P = 0.002). As the parasitoids 
aged, the sex ratios in alyssum and control converged (Fig. 5.3). 
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Figure 5.1: Longevity of male and female parasitoids 
up to 13 days (when the experiment ended), in alyssum 
and honeydew (P > 0.05, error bars = ± 1 SE). 
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Figure 5.2: Parasitoid fecundity (number of cocoons produced) in the first, third, and 
fourth three-day set in alyssum and honeydew treatments (P > 0.05, error bars = ± 1 SE). 
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 Figure 5.3: Offspring sex ratio in each three-day set in alyssum and honeydew treatments 
(* P < 0.05, ** P < 0.01, error bars = ± 1 SE). 
 
 
Temperature and humidity were comparable between treatments (Table 5.1). Cage 
humidity was approximately 62 %, with a daily range of around 22 %. Room temperature 
was approximately 15 oC with a 3 oC range, and cage temperature was approximately 16 
oC with a 3 oC range. 
 
Table 5.1: Mean, maximum and minimum cage humidity, and room and cage temperature 
for alyssum and control. 
 
 Alyssum (± 1 SE) Control (± 1 SE) 
Cage relative humidity (%) 60.3 ± 2.7 63.5 ± 2.7 
Cage RH maximum 73.1 ± 2.0 76.8 ± 1.5 
Cage RH minimum 52.0 ± 2.4 54.5 ± 2.5 
Cage temperature (oC) 15.9 ± 0.2 15.9 ± 0.2 
Cage temp. maximum 17.4 ± 0.2 17.3 ± 0.2 
Cage temp. minimum 13.7 ± 0.2 13.7 ± 0.2 
Room temperature (oC) 14.7 ± 0.1 14.7 ± 0.1 
Room temp. maximum 16.6 ± 0.1 16.5 ± 0.1 
Room temp. minimum 13.1 ± 0.1 13.1 ± 0.1 
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5.3  Experiment 2: Floral resources versus water  
 
5.3.1 Introduction 
 
This second experiment in the series was designed to correct the limitations of the first 
experiment (Section 5.2). In this second experiment, the leafroller hosts were maintained 
on an artificial diet, rather than on potted vines, to remove the possibility of contamination 
by honeydew. Also, the experiment was continued until parasitoids died. This was to 
provide data on parasitoid longevity, as well as lifetime fecundity and changes in offspring 
sex ratio. This experiment therefore compared the effect of alyssum flowers with the effect 
of alyssum plants without flowers on the longevity, fecundity and sex ratio of D. 
tasmanica. 
 
 
5.3.2 Methods 
 
Experimental design 
 
The cages used and the layout of the experiment were the same as those in experiment 1 
(Section 5.2), with six replicates of each treatment across three controlled environment 
rooms (blocks) in a randomised block design. Treatments were alyssum with flowers (Plate 
5.1) and alyssum without flowers (control, Plate 5.2), and both also had water available. 
Rooms were at 17 oC with a 4 oC range, and a 16L:8D photoperiod. Humidity could not be 
controlled. Maximum/minimum thermometers were placed inside the cages, although there 
were only six available, so they were moved between cages each day. Therefore cage 
temperature was taken every second day for the first three days. After this time all controls 
had died, so every alyssum cage could be allocated a thermometer. Electronic 
thermometer/hygrometers were used in each room to measure temperature and humidity.  
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Plate 5.1: An alyssum cage used in experiment 2, showing flowering alyssum plant and 
leafroller rearing box. 
Plate 5.2: A control cage used in experiment 2, showing alyssum plant without flowers and 
leafroller rearing box. 
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Parasitoid culture and selection 
 
Parasitoids used in this experiment were laboratory-bred offspring of D. tasmanica reared 
from E. postvittana released and recollected at Geisen Wine Estate in Canterbury for 
experiments described in Chapter 3. Epiphyas postvittana, from a colony maintained by 
HortResearch, Auckland, was used in the experiment and in parasitoid cultures. Three 
culture cages were set up to breed parasitoids for this experiment, each with between five 
and seven female and 10-12 male parents. Second instar E. postvittana larvae were 
presented to the parents on potted Riesling vines. Once the parent parasitoids had died, 
leafrollers were transferred from the vines to individual tubes containing leafroller diet 
(sourced from HortResearch, Auckland). Once parasitoid cocoons had formed, these were 
transferred to clean polythene test tubes stopped with cotton wool, to prevent emerging 
parasitoids getting trapped in the leafroller webbing remaining in the diet tubes. Parasitoid 
culturing and leafroller rearing were conducted at 17 oC with a 4 oC range. 
 
For the experiment, each of the 12 cages required one female and two male parasitoids 
(two males were used here to improve the likelihood of mating occurring). Due to the 
lower than expected number of offspring obtained from the cultures, there were not enough 
to obtain 12 females and 24 males hatching on the same day. To solve this problem, cages 
were randomly assigned to one of two groups (G1 and G2), with three alyssum replicates 
and three control replicates in each group, distributed evenly across the three controlled 
environment rooms. G1 cages were set up on 25 June 2001, with female parasitoids less 
than 12 hours old, and males between one and two days old. G2 cages were set up the 
following day (26 June) with parasitoids of the same relative ages as for G1. Parasitoids for 
each cage were randomly selected from a collection of D. tasmanica of a suitable age. Any 
that appeared abnormal in their movements or level of activity were discarded. To reduce 
the chance of inbreeding, at least one of the two males was from a different culture cage to 
that of the female. 
 
To increase the likelihood that mating occurred, each female was enclosed with its 
assigned males in a small mating cage. These consisted of a cylinder of clear plastic 
sheeting (produced for use with overhead projectors) 15 cm high and 6.5 cm in diameter, 
with a fine mesh top and a plastic Petri dish for a base. Each cage also had water-soaked 
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cotton wool in a vial. Parasitoids were released into these at around 09:30 h NZ Standard 
Time (G1 on 25 June, G2 on 26 June) and observed until at least one male wing-fanned to 
the female. Wing-fanning is a sexual display in which the male vibrates his wings while 
moving closer to the female, continuing until the female allows copulation (Matthews, 
1974; Field and Keller, 1993). Aside from actual copulation, this behaviour is the only part 
of courtship which is easily recognisable (personal observation), and it was used here as an 
indication that the male was ready to mate. Wing-fanning occurred in all cages within an 
hour. Mating was observed in some cages within this time, but it was not possible to watch 
all cages until this occurred. At 14:30 h a freshly cut alyssum flower head in a vial of water 
was introduced into mating cages assigned to the alyssum treatment. Control mating cages 
were provided with nothing other than water-saturated cotton wool. When parasitoids were 
in the mating cages, the room temperature was 14 oC, and 57 % RH (the controlled 
environment rooms were sometimes unreliable and did not always maintain the 
temperature they were set at).  
 
Parasitoids were moved to the experimental cages after 24 hours in the mating cages. The 
design of these cages is given in Section 5.2.2. For this experiment, each cage was lined 
with tissue paper and contained an alyssum plant (cv. Carpet of Snow) in a 12 cm diameter 
pot, and a vial of water-saturated cotton wool (Plates 5.1 & 5.2). The alyssum plants were 
grown from seed in a university greenhouse. Before they were put in the cages they were 
checked for spiders (which were removed by hand) and aphids or other insects that may 
produce honeydew (of which none were found). The soil in each pot was covered with 
filter paper to make it easier to find dead parasitoids, and the space around the tray under 
the pot was filled with cotton wool to stop parasitoids drowning in water seeping from the 
soil. Plants for control cages had all flowers and buds removed, and during the experiment 
any new buds were removed as they appeared. Plants for alyssum cages were selected for 
their similarity in the quantity of flowers. 
 
Leafroller rearing 
 
This experiment was designed as a repeat of experiment 1, with adjustments to remove the 
possibility of contamination with honeydew. To this end, leafrollers were presented to the 
parasitoids on artificial diet rather than on potted vines. Leafrollers were reared from eggs 
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in diet boxes purchased from HortResearch, Auckland (Plates 5.1 & 5.2). The design of 
these boxes followed Clare et al. (1987), with a plastic grid (13 x 13 mm grid size) 
embedded in the diet for the leafrollers to form webbing on. The surfaces of each box were 
wiped with a Kimwipe tissue (Kimberly-Clarke, Australia) to remove condensation, and 
100-200 mature eggs on waxed paper were placed on the grid inside the box. Boxes were 
presented to parasitoids after 4-6 days at an average temperature of 20 oC, when the larvae 
were in the second instar. Once boxes were removed from the experimental cages, they 
were returned to 20 oC conditions, and leafrollers were reared to either moth pupa or 
parasitoid cocoon. Once the majority of leafroller larvae had pupated, the box was 
dismantled, parasitoid cocoons were removed to individual polythene test tubes, and pupae 
counted. Any surviving larvae were held in plastic pottles with some diet until they passed 
the age where parasitoids might emerge, and then they were added to the pupal count. 
Parasitoid cocoons were held at 20 oC until they hatched. Cocoons that failed to hatch were 
dissected, and the sex of non-emerged mature parasitoids was determined (a mature 
parasitoid was defined as one with fully formed and expanded wings). These were counted 
as ‘hatched’. Immature parasitoids were counted as ‘unhatched’ and were not sexed. 
  
Daily procedure 
 
Once the experimental cages were set up and the parasitoids introduced (on 26 June 2001 
for G1, and 27 June 2001 for G2), a daily procedure was followed to ensure leafroller 
rearing boxes were introduced and removed, parasitoid longevity was checked, plants were 
watered and environmental conditions were recorded at the appropriate times. All cages 
were checked between 08:30 h and 09:30 h in the same order each day. During each check, 
each parasitoid was sighted and deaths were recorded, along with room humidity and 
temperature, and cage temperature (including maxima and minima for the previous 24 
hours). Female parasitoids were placed in the leafroller rearing boxes, and each afternoon, 
between 12:30 h and 13:30 h the females were released from the rearing boxes back into 
the main cage. Parasitoids were closed in the boxes to prevent the leafroller diet drying out, 
as it would have done if the boxes were continuously open. Every second day each 
alyssum plant was given 50 ml of water and the water vials were replenished if required. 
Every third day (staggered for G1 and G2) leafroller rearing boxes were replaced with new 
ones. This was continued until the female parasitoid died. 
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To summarise, this method meant that each female was exposed to one box of leafrollers 
for four hours at a time on three consecutive days before a fresh box of leafrollers was 
introduced. Also, the females did not have access to flowers at the same time as they had 
access to the leafrollers, due to the problem of the leafroller diet drying out. 
Analysis 
 
Because some of the females died within one of the three-day sets, the total number of 
cocoons produced per set was not analysed. Instead, the fecundity per day was calculated 
for each set (number of parasitoid cocoons produced/number of days exposed to hosts). 
Data were analysed using ANOVA (Systat, SPSS 1999), with rooms treated as blocks. The 
appropriateness of the parametric ANOVA for these data was confirmed by inspection of 
the normality of residual plots. The effect of date (‘set’) was not included in the model 
because no control parasitoids lived  past the first three-day set. 
 
 
5.3.3 Results 
 
Alyssum flowers significantly increased the longevity of both male (F = 13.3, df = 1, P = 
0.008) and female (F = 25.3, df = 1, P = 0.001) D. tasmanica (Fig. 5.4). The maximum 
longevity of female parasitoids with alyssum flowers was 27 days. Without flowers the 
maximum female longevity was three days. Lifetime fecundity, as estimated by the total 
number of offspring of each parasitoid reaching the cocoon stage, was also significantly 
increased by the presence of alyssum flowers (F = 35.8, df = 1, P < 0.001, Fig. 5.5). The 
maximum fecundity of parasitoids with alyssum flowers was 233 cocoons, compared with 
a maximum of 34 cocoons produced without access to flowers. The presence of flowers 
did not significantly affect the mean daily fecundity in the first three-day set (F = 0.2, df = 
1, P = 0.670, Fig. 5.6), the only set for which treatments could be compared, due to the 
early death of parasitoids in the control cages. For parasitoids in the alyssum cages, mean 
daily fecundity reduced over time from around 15 cocoons per day in the first set, to two 
cocoons per day in the last set (Fig. 5.6). 
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Figure 5.4: Mean D. tasmanica 
longevity with and without alyssum 
flowers (** P < 0.01, *** P < 0.001, 
error bars = ± 1 SE). 
 Figure 5.5: Mean lifetime realised fecundity 
of female D. tasmanica with and without 
alyssum flowers (*** P < 0.001, error bars = 
± 1 SE). 
 
 
The offspring sex ratios of parasitoids without flowers were strongly male biased, with five 
of the six parasitoids producing exclusively male offspring in the first three-day set, giving 
a mean sex ratio close to 1. Over this same period, in the presence of alyssum flowers, the 
sex ratio was significantly lower, at 0.6 (F = 9.1, df = 1, P = 0.017, Fig. 5.7). The offspring 
sex ratio of parasitoids in alyssum cages changed over time, rising to 1 by the time the 
parent female reached 22 days old (Fig. 5.7). The greatest proportion of females was 
produced in the third set, between days seven and nine (Fig. 5.7). 
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Figure 5.6: Mean daily fecundity of D. tasmanica in alyssum and control for each three-
day set (P > 0.05, error bars = ± 1 SE). 
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Figure 5.7: Mean offspring sex ratio (proportion male) in alyssum and control for each 
three-day set (* P < 0.05, error bars = ± 1 SE). 
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Temperature and humidity were comparable between treatments (Table 5.2). Room 
humidity, measured between 08:30 h and 09:30 h, was approximately 55 %, with a daily 
range of around 15 %. Room temperature was approximately 17 oC with a 4 oC range, and 
cage temperature was approximately 18 oC with a 3 oC range. 
 
 
Table 5.2: Mean, maximum and minimum room humidity, and cage and room temperature 
for alyssum and control. 
 
 Alyssum (± SE) Control (± SE) 
Room relative humidity (%) 54.4 ± 0.6 55.6 ± 1.4 
Room RH maximum 63.1 ± 0.7 64.4 ± 1.8 
Room RH minimum 48.8 ± 0.6 50.5 ± 1.3 
Cage temperature (oC) 18.4 ± 0.1 17.7 ± 0.5 
Cage temp. maximum 19.3 ± 0.1 18.9 ± 0.4 
Cage temp. minimum 16.7 ± 0.1 15.6 ± 0.5 
Room temperature (oC) 17.5 ± 0.1 16.9 ± 0.3 
Room temp. maximum 19.0 ± 0.2 18.1 ± 0.4 
Room temp. minimum 16.1 ± 0.1 15.2 ± 0.4 
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5.4  Discussion 
 
 
As expected, when D. tasmanica individuals were denied food they lived for only a few 
days, and had a very low lifetime fecundity. With alyssum flowers as a food source, the 
mean longevity was six times greater, and the mean lifetime fecundity was eight times 
greater than without flowers. Flowers and whitefly honeydew did not differ significantly in 
their effect on longevity or fecundity. Offspring sex ratios were very male-biased without 
food or with honeydew, but when flowers were present the sex ratio was closer to the 
expected 0.5. As female parasitoids aged, their fecundity reduced and they produced fewer 
female offspring. 
 
 
5.4.1 Longevity and fecundity 
 
Experiment 1 
 
Alyssum flowers and whitefly honeydew did not differ in their effect on the longevity of 
D. tasmanica. In both treatments, male parasitoids lived for around 10 days. The mean age 
for female parasitoids was around 12 days, which was the length of the experiment. Had 
the experiment continued until the natural death of the parasitoids, some difference 
between treatments may have been found. This result suggests that honeydew and flowers 
are equally beneficial to parasitoids in terms of their survival. Jervis, Kidd and Heimpel’s 
(1996) work supports this finding, based on a review of the literature. However, Leius 
(1961) found that honeydew from aphids (Aphis nasturtii (Kalt.)) fed on potato plants 
significantly reduced the longevity and fecundity of the ichneumonid Itoplectis conquisitor 
(Say) compared with honey. This may have been due to harmful substances, such as the 
oligosaccharide melezitose, which may be present in the honeydew of some insects (Leius, 
1961). 
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The mean daily fecundity of D. tasmanica also did not differ between the alyssum and 
honeydew treatments, although lifetime fecundity could not be calculated. Parasitoids in 
the alyssum treatment had access to pollen, which, as a source of protein, should increase 
the fecundity of some parasitoids more than carbohydrate-rich nectar or honeydew (Jervis, 
Kidd and Heimpel, 1996). Protein is required by some synovigenic parasitoids for the 
maturation of eggs (Quicke, 1997). By contrast, pro-ovigenic parasitoids (eclosing with a 
full complement of mature eggs (Gordh, Legner and Caltagirone, 1999)) have less need for 
proteins, and may survive and reproduce successfully on carbohydrate-rich foods, or no 
food (Hocking, 1967). Dolichogenidea tasmanica is thought to be synovigenic (Irvin, 
1999), as are the vast majority of hymenopteran parasitoids (Jervis et al., 2001). However, 
the pro-ovigenic/synovigenic system of classification, proposed by Flanders (1950), has 
more recently been viewed as a continuum, to better encompass the diversity of parasitoid 
egg maturation strategies (Jervis et al., 2001). An index of ‘ovigeny’ has been proposed 
with a range from 0 (extreme synovigeny) to 1 (pro-ovigeny) (Jervis et al., 2001). 
Strategies falling between these extremes are classed as synovigenic, but vary in the 
proportion of eggs that are mature when the adult parasitoid emerges. Therefore, 
generalisations cannot be made about the need of synovigenic parasitoids for protiens for 
egg maturation, as weakly synovigenic species may require very little protien. 
 
Deliberate pollen feeding appears to be rare among parasitoids (Jervis, 1998; Jervis et al., 
2001), and although pollen grains have been found in the gut of D. tasmanica, their 
presence does not enhance the fecundity or longevity of this species (Irvin, 1999). Host 
feeding is another possible source of protein for egg maturation. Dolichogenidea 
tasmanica has never been observed to host feed, and it is unlikely that it does so, given that 
it attacks its leafroller hosts rapidly, through their protective webbing, and does not apply 
its mouthparts to the webbing at any stage (personal observation). It is therefore likely that 
D. tasmanica is weakly synovigenic, or pro-ovigenic, emerging with at least a proportion 
of its eggs already mature. In a survey of ‘ovigeny’, Jervis et al. (2001) found that the 
family Braconidae appears to be highly variable in the level of ovigeny. Within the 15 
braconid species surveyed, the estimated ovigeny indices ranged from 0 (extremely 
synovigenic) to 1 (pro-ovigenic), with the majority of species falling between these 
extremes. By comparison, the ichneumonids surveyed were all extremely synovigenic, and 
the myrmarids were are all pro-ovigenic.  
 
 112 
Experiment 2 
 
In this experiment, alyssum flowers were compared with water as a food source for D. 
tasmanica. Both longevity and lifetime fecundity were significantly greater with flowers 
than without. These results are supported by other studies, which have invariably found an 
increase in longevity and fecundity (when it was measured) with flowers or honey as a 
food source, compared with water or no food (Leius, 1961; Hocking, 1967; Yadav, 1985; 
Hodgson et al., 1993; Leatemia, Laing and Corrigan, 1995; Irvin et al., 1999; Gurr and 
Nicol, 2000; Johanowicz and Mitchell, 2000). Interestingly, the mean fecundity per day in 
the present study did not differ between treatments for the first three-day set (Fig. 5.6), 
after which all control parasitoids had died. Therefore, the increase in lifetime fecundity 
with flowers was due to the positive effect of flowers on longevity (allowing parasitoids 
more time to attack hosts), rather than a direct increase in fecundity due to improved 
nutrition. This supports the contention that D. tasmanica is weakly synovigenic, because it 
appears that food was not required to mature eggs, assuming this species does not host 
feed. A similar result was found for Trichogramma minutum Riley (Hymenoptera: 
Trichogrammatidae), in which a range of diets (including honey and water) produced a 
similar number of offspring in the first two days of life, yet lifetime fecundities were 
significantly greater with carbohydrate than with non-carbohydrate foods (Leatemia, Laing 
and Corrigan, 1995). 
 
The mean longevities of D. tasmanica in this study (Fig. 5.4) were comparable with other 
studies of this species. Irvin et al. (1999) found that at 20 oC females lived for a mean of 
nine days with coriander flowers, 12 days with buckwheat flowers, 19 days with broad 
bean extrafloral nectaries and 20 days with buckwheat and coriander. Honey produced the 
greatest mean longevity of 23 days. With water alone, female D. tasmanica in that study 
lived for a mean of five days, longer than the two-day mean found in this study. Female 
Cotesia marginiventris (Cresson), a braconid in the same sub-family (Microgastrinae) as 
D. tasmanica, lived for around 19 days with alyssum flowers and with honey, compared to 
four days with water, at temperatures between 23 and 30 oC (Johanowicz and Mitchell, 
2000). Some other species are longer lived than D. tasmanica; for example, females of the 
ichneumonid I. conquisitor lived for up to 63 days at 22 oC on a diet of diluted honey, 
sucrose and host pupae (Leius, 1961). The bethylid Goniozus jacintae Farrugia lived, at 19 
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oC, for a mean of 95 days on sucrose and hosts, and 68 days on buckwheat flowers and 
hosts, compared with 18 days on hosts alone (P. Fernando, unpublished data). 
 
The mean lifetime realised fecundity of D. tasmanica in the present study was 150 cocoons 
produced with alyssum flowers, and 20 cocoons without flowers. The only previous study 
on the effect of food on the realised fecundity of this species was conducted by Irvin 
(1999). In that study, a median of three cocoons was produced when parasitoids were fed 
on buckwheat and alyssum flowers together, two cocoons with honey, and no cocoons with 
alyssum, buckwheat or broad bean alone, or with water. These extremely low fecundities 
are likely to be a result of very low larval survivorship due to poor methodology (Irvin, 
1999). Other studies have had more success in comparing realised fecundity between food 
treatments. Yadav (1985) found that the braconid Bracon brevicornis Wesmael produced a 
mean of 148 cocoons with nectar, compared with 69 cocoons with honey, and 44 cocoons 
with host larvae as the only food source. The trichogrammatid T. minutum produced a 
mean of 260 offspring in a lifetime when fed on honey, compared with around 227 with 
fructose or sucrose, 55 with yeast and 68 with water (Leatemia, Laing and Corrigan, 1995).  
 
Although the realised fecundity of D. tasmanica has not previously been successfully 
measured, the potential fecundity (or egg load) was 300 eggs at both five and 10 days old, 
when parasitoids were fed on buckwheat flowers and not exposed to hosts (Irvin, 1999). 
When fed on water alone, females carried approximately 120 eggs at five days, and none at 
10 days, suggesting that they resorb eggs when nutrients are scarce, as other parasitoids do 
(Quicke, 1997). A diet of water and pollen had a similar effect on fecundity as water alone, 
suggesting that a carbohydrate food source is needed for D. tasmanica to maintain its egg 
complement. The discrepancy between the potential fecundity and the realised fecundity 
may be due to the wastage of eggs in superparasitism, or it could represent the number of 
eggs remaining in a parasitoid when it dies of old age. 
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5.4.2 Sex ratio 
 
In this study, the sex ratio of D. tasmanica was very male-biased when parasitoids were 
fed honeydew or water. However, when alyssum flowers were available, the proportions of 
male and female offspring were closer to equal when parasitoids were young, but shifted in 
favour of males as they aged. In contrast to these results, the sex ratio of D. tasmanica in 
the field was close to 0.5 when emerging from naturally-occurring leafrollers, both with 
and without flowers (Chapter 4), and female-biased when emerging from released 
leafrollers, in the presence of buckwheat flowers (Chapter 3, Berndt, Wratten and Hassan, 
2002). The reasons for these discrepancies between the laboratory and field experiments 
will be discussed in Chapter 6. 
 
This equal sex ratio found in most field experiments is probably the evolutionarily stable 
strategy (ESS) for D. tasmanica, as this species is solitary, outbreeding, and its hosts are 
not distributed in discrete patches (which would favour a female-biased sex ratio, as 
discussed in Chapter 3) (Godfray, 1994). Why then should the absence of floral resources 
in the laboratory shift the sex ratio of D. tasmanica away from its ESS? Although a similar 
effect of adult diet has been found in at least one other braconid species (Khafagi, 1998), 
and the opposite effect (the presence of food producing a male-biased sex ratio) has been 
found for a trichogrammatid (Leatemia, Laing and Corrigan, 1995), few explanations have 
been proposed (Khafagi, 1986; King, 1987; Jervis, Kidd and Heimpel, 1996; Khafagi, 
1998). 
 
There are aspects of the biology of arrhentokous parasitoids (producing females from 
fertilised eggs and males from unfertilised eggs, such as D. tasmanica) that can influence 
sex ratio, which will be discussed in relation to the effect of diet. These arguments do not 
apply to thelytokous parasitoids, which produce females from unfertilised eggs. Whether 
the female is mated or not directly affects sex ratio, as virgin females produce only male 
offspring (Godfray, 1994). Mating success may depend on the attractiveness of the male or 
the receptivity of the female. Sperm viability (Quicke, 1997), and the ability of the egg to 
accept sperm (King, 1962), are critical in determining the success of fertilisation, and so 
also directly affect sex ratio. The overriding factor in determining if an egg is fertilised or 
not is female choice. Sex ratio in most Hymenoptera is under the control of the mother, and 
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may be varied to maximise her fitness (Quicke, 1997). There are many other factors that 
could influence parasitoid sex ratio, such as inbreeding, superparasitism and host size 
(Godfray, 1994), but these will not be discussed here because they are unlikely to have 
been affected by the diet of adult parasitoids in this experiment. 
 
Mating 
 
The absence of flowers could have an adverse effect on mating if parasitoids use flowers as 
a site for mate location (Jervis et al., 1993), or if pollen or nectar are required to induce 
female receptivity or increase the male’s ability to attract a female. Female receptivity in 
many insects can be affected by diet, but little work of this nature has been done on 
Hymenoptera (Ringo, 1996).  In the present experiment, mating is not likely to have been 
affected by the absence of flowers because D. tasmanica has been observed mating with no 
exposure to flowers, and even when no food has been given (personal observation). 
 
Fertilisation 
 
After mating, female parasitoids store the received sperm in the spermatheca. The sperm 
must then be exposed to an activating agent before they can travel down the spermathecal 
duct to the oviduct, where the egg is fertilised (Gordh, Legner and Caltagirone, 1999). As 
in other insects, parasitoid sperm enters the egg through the micropyle, which, in most 
species that have been studied, is at the anterior end of the egg (Quicke, 1997). Fertilisation 
may be disrupted if sperm exiting the spermathecal duct fail to reach the micropyle due to 
distortion in the shape of the egg (King, 1962). Fertilisation takes place immediately before 
oviposition, so the primary sex ratio is ‘decided’ at that time.  
 
In the Indian meal moth (Plodia interpunctella (Hubner), Lepidoptera: Pyralidae), the 
number of sperm produced is reduced when the moths are nutritionally stressed (Gage and 
Cook, 1994). If this is also true for D. tasmanica, then sperm production by males in the 
water-only treatment in experiment 2 may have been reduced. However, in both treatments 
male and female D. tasmanica were caged together for mating before they were given 
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access to food. Therefore any effect of lack of food on sperm production is likely to have 
been equal for both alyssum and control treatments. 
 
The nutrition of adult parasitoids plays an important role in egg development, at least in 
synovigenic species. Egg production and hatchability in the ichneumonid Pimpla 
turionellae L. was significantly reduced in the absence of amino acids or vitamins (Emre 
and Yazgan, 1990). In Anagyrus psudococci (Girault) (Hymenoptera: Encyrtidae), egg 
maturation was slower, and egg resorption was increased when fed on water only, 
compared with a diet of honey (Islam and Jahan, 1992). However, in the current 
experiments, the daily fecundity of D. tasmanica was not affected by diet, so food was not 
required for egg production or to improve hatching rate, only for the production of female 
offspring.  
 
Possibly the only reference in the literature to the effect of food on fertilisation is by King 
(1962). He suggests that, in Nasonia vitripennis (Walker) (Hymenoptera: Pteromalidae) an 
increase in male progeny may result when host food is not available. When hosts were 
presented to parasitoids for only one hour per day  (compared with continuous availability 
of hosts), they resorbed eggs. If partially resorbed eggs are not successfully fertilised, due 
to a change in shape and subsequent lack of connection between the micropyle and the 
spermathecal duct, then the sex ratio produced after a period without hosts may be male 
biased. However, the cause of this egg resorption may be a lack opportunity for oviposition 
rather than a lack of nutrients (King, 1962). 
 
If certain amino acids or vitamins, available from flowers, are required by D. tasmanica for 
successful fertilisation, these nutrients must have been scarce or lacking in the whitefly 
honeydew. As honeydew is primarily a waste product, it is likely to be lacking in many 
essential nutrients, such as some of the amino acids required by parasitoids (Thompson and 
Hagen, 1999). A combination of nectar and pollen, on the other hand, is known to provide 
a complete diet for many insects (Thompson and Hagen, 1999).  
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Maternal choice 
 
Fertilisation could be affected by a lack of floral resources if the absence of flowers 
influences the mother’s choice to fertilise. This could occur if parasitoids alter the sex ratio 
in response to the quality of the environment. However, it is hard to imagine why, in a 
flower-poor environment, the production of males would contribute more to a parasitoid’s 
fitness than the production of females, unless fertilisation carries a significant energetic 
cost. It also seems unlikely that a parasitoid would consider honeydew to be a poor 
environment in this context, when a honeydew diet did not significantly affect longevity or 
fecundity in the present study. 
 
Of these three aspects of parasitoid biology (mating, fertilisation and maternal choice) that 
may have been influenced by the absence of flowers, it seems most likely that some part of 
the fertilisation process was affected in this study. There is, however, no evidence for this, 
and further research would be required to determine what part floral resources play in 
determining the sex ratio of D. tasmanica. 
 
 
5.4.3 Variation in fecundity and sex ratio with age 
 
This discussion of the effect of parasitoid age on fecundity and sex ratio will deal with the 
results from the alyssum treatment in the second experiment only (Figs. 5.6 & 5.7). In the 
first experiment many parasitoids did not live out their natural lifespan, so information on 
the effect of ageing is limited. All the parasitoids in the control cages in the second 
experiment died within the first three-day set, so little can be gained by comparing the 
effect of ageing between treatments. 
 
The mean daily fecundity of parasitoids in this study declined over their lifetime, from 
around 15 cocoons per day, to around two cocoons per day. This pattern has also been 
found in other, similar studies. For example, Leatemia, Laing and Corrigan (1995) found 
that offspring production in T. minutum fed on honey, fructose or sucrose dropped from 
around 32 per day to five per day, over 30 days. This reduction in fecundity may be due to 
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exhaustion of the egg supply, a reduction in egg quality, or a reduction in ovipositional 
ability as parasitoids age. 
 
Offspring sex ratio also changed with the age of the parasitoid. The mean sex ratio was 0.6 
for the first three-day set, and dropped to 0.4 for days seven to nine, before steadily 
increasing to 1.0 (all male offspring) after 22 days. This pattern of sex ratio increasing with 
maternal age occurs in a wide range of species (King, 1987), including the braconids 
Cotesia glomerata L. (Tagawa, 2000) and Bracon hebetor Say (Rotary and Gerling, 1973), 
and is thought to relate to sperm depletion or reduced sperm viability (Quicke, 1997). 
However, there are exceptions to this trend. Kenis (1996) found that the sex ratio of the 
braconid Coeloides sordidator (Ratzeburg) decreased with maternal age, although no 
explanations were given for this. 
 
 
5.4.4 Implications for biological control 
 
The presence of flowers clearly increases the longevity and fecundity of parasitoids, as 
shown in the present study. For D. tasmanica at least, increasing longevity enables the 
increase in fecundity. Greater parasitoid fecundity has been positively correlated with 
success in biological control of Lepidoptera (although not for Homoptera) (Lane, Mills and 
Getz, 1999). It therefore follows that if the presence of flowers increases D. tasmanica 
longevity in the field, a greater rate of parasitism of leafrollers should result, possibly 
leading to improved biological control. This remains to be demonstrated in the field. 
However, adult D. tasmanica abundance did increase (although not significantly) in the 
presence of flowers in a field experiment in a vineyard (Chapter 2). This may have been a 
result of an increase in parasitoid longevity. In Chapter 4 the parasitism rate of D. 
tasmanica was greater when flowers were present in a vineyard (under certain conditions), 
which could be attributed to an increase in fecundity of individual parasitoids. It is not 
known, however, if this increase can result in a reduction in the leafroller population.  
 
Increasing parasitoid sex ratios in favour of female offspring should, in theory, lead to an 
increase in the parasitism rate and improved biological control, as sex ratio is directly 
related to the intrinsic rate of increase (Hall, 1993). This is assuming that there are still 
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sufficient males produced to mate with the increased proportion of females. Successful 
(Simmonds, 1947) and unsuccessful (Ram and Sharma, 1977) attempts have been made to 
select for female-biased sex ratios to create more efficient parasitoid strains for use in 
classical biological control. However, there are virtually no data to link altered sex ratios 
with improvements in biological control in the field (Hall, 1993).  
 
The present study demonstrated that floral resources play an important role in maintaining 
the evolutionarily stable sex ratio of D. tasmanica, although the mechanisms for this are 
not known. In the absence of flowers in the field, this species may produce a greater 
proportion of male offspring, which could result in reduced effectiveness as a biological 
control agent. However, this was not demonstrated in field studies in this project (Chapters 
3 & 4). 
 
In one field experiment using released leafrollers (Chapter 3), sex ratios were found to shift 
from the assumed ESS of 0.5, to become significantly more female-biased in the presence 
of flowers. Although both that result and the findings of the second laboratory experiment 
(this chapter) involved a shift in sex ratio in favour of female progeny, the outcomes are 
clearly different. In the laboratory, the presence of flowers maintained the assumed ESS 
sex ratio of 0.5, but in the field, the presence of flowers shifted the sex ratio from this ESS 
in favour of increased female production. Possible explanations for the sex ratio changes 
found in the field are discussed in Chapter 3 and in Berndt, Wratten and Hassan (2002). 
 
 
5.4.5 Conclusion 
 
In the laboratory experiments described in this chapter, alyssum flowers increased 
longevity and fecundity, and maintained the ESS sex ratio of D. tasmanica, compared with 
no flowers. Whitefly honeydew was similar to flowers in its effect on longevity and 
fecundity, but parasitoids fed on honeydew produced male-biased offspring sex ratios 
similar to those found with water only. The findings regarding longevity and fecundity are 
consistent with other research. However, unlike some parasitoid species, the fecundity of 
D. tasmanica was reduced in the absence of food only through the reduction in longevity. 
This suggests that D. tasmanica does not require food for egg maturation. The effect of 
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food on parasitoid sex ratios has rarely been examined by other researchers, and never in 
relation to the provision of floral resources to enhance biological control. Without further 
research, no conclusions can be drawn regarding the mechanisms by which sex ratio 
manipulation is affected by floral food in D. tasmanica. The results of these laboratory 
experiments show that the provision of adult food in the field is critical for parasitoid 
survival, and therefore plays an important role in the effectiveness of a parasitoids as a 
biological control agent. 
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6 SYNTHESIS 
 
The main aim of this work was to improve the understanding of the mechanisms of 
conservation biological control in vineyards. This would assist the New Zealand wine 
industry in its efforts to reduce pesticide use and develop sustainable vineyard management 
systems. It was necessary to focus on a small part of this broad goal, so the use of floral 
resources to enhance biological control of  leafroller populations was selected. The aims of 
this project were to investigate whether, and to what extent, the provision of floral 
resources acts to enhance the efficacy of leafroller parasitoids in the vineyard environment, 
and to assess the influence of floral resources on parasitoid fitness in the laboratory. 
Parasitoid abundance, parasitism rate and the consequences for pest abundance were used 
as measures of success in the field, as proposed by Wratten et al. (2000). Buckwheat and 
alyssum were chosen for use in these experiments, largely based on the recommendations 
of Irvin (1999). 
 
 
6.1 Summary of findings 
 
6.1.1 Parasitoid and leafroller abundance 
 
Dolichogenidea tasmanica made up more than 95 % of the parasitoids reared from 
naturally-occurring leafrollers during this study (Chapter 4). The abundance of males of 
this species on yellow sticky traps was increased (although not significantly) when 
buckwheat flowers were planted in a Marlborough vineyard; however, female D. 
tasmanica did not respond to the presence of flowers (Chapter 2). Previous studies using 
yellow sticky traps also showed increases in the abundance of this parasitoid with floral 
resources, although differences between the sexes have not previously been examined 
(Stephens et al., 1998; Irvin, Wratten and Frampton, 2000). The abundance of D. 
tasmanica during this study was very low compared with that found by Stephens et al. 
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(1998) and Irvin, Wratten and Frampton (2000), possibly due to the very low abundance of 
its leafroller hosts during the experiment (Chapter 2).  
 
Leafroller abundance was not affected by the presence of buckwheat in Marlborough 
vineyards, or that of alyssum in a Canterbury vineyard (Chapters 2 & 4). Buckwheat did, 
however, significantly reduce the amount of leafroller evidence (webbed leafroller feeding 
sites on leaves or in bunches) in Marlborough, suggesting that the presence of these 
flowers may reduce leafroller activity (Chapter 4). Leafrollers infested fewer than 0.1 % of 
Cabernet Sauvignon leaves throughout the 1999-2000 growing season, but in bunches they 
increased in abundance over the season to infest a maximum of 0.5 % of bunches in late 
March in Marlborough (Chapter 2). In Pinot Noir vines in the 2000-2001 season, leafroller 
abundance was similarly low, although sampling was not conducted late in the season 
when abundance is usually highest. In Riesling vines in Canterbury, between 1.5 % and 2.5 
% of bunches were infested with leafrollers in April (Chapter 4). 
 
 
6.1.2 Parasitism rate 
 
Naturally-occurring leafrollers were collected during the 2000-2001 season to assess the 
effect of buckwheat and alyssum flowers on parasitism rate. Parasitism rate more than 
doubled in the presence of buckwheat at one of the three experimental vineyards in 
Marlborough, but alyssum had no effect on the parasitism rate of leafrollers collected in 
Canterbury (Chapter 4). Parasitism rates of around 20 % were common in Marlborough, 
although rates ranged from 0 % to 45 % across the three vineyard sites. Parasitism rates 
were higher on upper canopy leaves (40-60 %) compared with lower canopy leaves and 
bunches (0-25 %). In Canterbury in April, parasitism rates were around 40 % (Chapter 4). 
A leafroller release/recover method, used when naturally-occurring leafrollers were too 
scarce to collect, was unable to detect any effect of buckwheat or alyssum on parasitism 
rate (Chapter 3).  
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6.1.3 Parasitoid fitness 
 
In the laboratory, alyssum flowers significantly increased the longevity and lifetime 
fecundity of D. tasmanica compared with a no-flower treatment. However, daily fecundity 
was not increased by the availability of food, suggesting that the greater lifetime fecundity 
demonstrated was related to increases in longevity. Parasitoids were also able to obtain 
nutrients from whitefly honeydew, which resulted in similar longevity and daily fecundity 
to that found when alyssum flowers were present (Chapter 5).  
 
The availability of food had a significant effect on the offspring sex ratio of D. tasmanica. 
Parasitoids reared from naturally-occurring leafrollers produced an equal sex ratio, 
assumed to be the evolutionarily stable strategy (ESS) for this species. In the laboratory, 
this ESS was observed only when parasitoids had access to alyssum flowers. Without food, 
or with honeydew only, sex ratios were strongly male-biased (Chapter 5). Sex ratios also 
became more male-biased as female parasitoids aged. In the field, floral resources affected 
the sex ratio of D. tasmanica only when the parasiotids were reared from leafrollers 
released and recovered in Marlborough. In that experiment, buckwheat altered the sex ratio 
in favour of female production from the equal sex ratio found in control plots (Chapter 3). 
No firm explanations can be given to account for these results, due to a lack of research in 
this area. Possible mechanisms for the changes in sex ratio in the presence of flowers were 
discussed in Chapters 3 and 5. 
 
The remainder of this chapter will discuss these results in the context of the key issues of 
this thesis: the biology of D. tasmanica and its value as a biological control agent, the 
value of floral resources for leafroller management, and the implications of this work for 
the New Zealand wine industry. Recommendations for future research will also be made. 
 
 
6.2 The biology of Dolichogenidea tasmanica  
 
Dolichogenidea tasmanica is the most common parasitoid of leafroller larvae in New 
Zealand (Dumbleton, 1935; Charles, Walker and White, 1996; Suckling et al., 1998; 
Burnip and Suckling, 2001) and, as such, its biology and potential as a biological control 
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agent are important in managing populations of this pest. This study has focused on the use 
of floral resources to enhance the efficacy of this parasitoid, and so work on its feeding 
behaviour and its response to floral resources is highly relevant. 
 
 
6.2.1   Usefulness as a biological control agent 
 
The biology of this parasitoid has not previously been discussed in relation to its ability to 
reduce leafroller populations, yet this is a key issue for the use of conservation biological 
control and habitat manipulation for this pest. Although this study did not set out to analyse 
D. tasmanica biology in terms of the attributes of successful natural enemies, such as those 
proposed by Huffaker, Luck and Messenger (1976), some comments can be made 
regarding its suitability as a biological control agent. 
 
Success in biological control requires that the natural enemy suppresses a pest population, 
reducing its abundance, and as a consequence making it less damaging to the crop (Van 
Driesche and Bellows, 1996). The abilities of a natural enemy can also be analysed in 
terms of its ability to regulate a pest population. Regulating factors act in a density 
dependent manner to reduce fluctuations in pest abundance by maintaining population size 
below an upper limit, and allowing population increase below that level (Begon and 
Mortimer, 1986). However, regulating factors are not necessarily able to control a pest, in 
an applied context, and biological control can be successfully achieved by natural enemies 
that do not regulate their prey. For these reasons, the term ‘regulation’ has not been used in 
this thesis. That decision is supported by the fact that, although a density dependent 
response to hosts or prey is often cited as a characteristic of successful biological control 
agents (Huffaker, Luck and Messenger, 1976; Beddington, Free and Lawton, 1978), it is 
not known if D. tasmanica responds to host density in a density dependent manner. In the 
release/recover experiments described in Chapter 3, high-density host patches were 
exposed to parasitoids. This resulted in much higher parasitism rates than those found 
among low density, naturally-occurring leafroller populations (Chapter 4), a result also 
found by Irvin (1999). Although this does not constitute evidence of density dependence, it 
suggests that this parasitoid could respond to host density in a density dependent manner. 
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Density dependence has been found among other species of microgastrine braconids, 
although this is not a universal trait among parasitoids (Lessells, 1985). 
 
Parasitism rate is often used as a measure of the impact of a parasitoid on the host 
population. This is not necessarily valid, as the phenology of the host and parasitoid are 
often not taken into account (Van Driesche, 1983; Kidd and Jervis, 1996). Parasitism rates 
can, however, be used in an experimental context, as a measure of the effect of different 
treatments on parasitoid efficacy (Van Driesche, 1983), as was done in this study. It is 
therefore of little benefit to compare the parasitism rates found in this study with those of 
other studies (e.g., Charles, Walker and White, 1996; Suckling et al., 2001), or to speculate 
on the usefulness of D. tasmanica as a biological control agent on the basis of observed 
parasitism rates. Life table analysis of leafroller populations would be a more appropriate 
means of assessing the ability of this and other parasitoids to control this pest (Kidd and 
Jervis, 1996). This has been done for leafrollers in Victoria, Australia, where parasitoids 
did not play a role in determining population abundance (Danthanarayana, 1983). No 
similar studies have been conducted on this pest in New Zealand. 
 
The efficacy of D. tasmanica as a biological control agent could be influenced by habitat 
preferences of this species. In this study, the proportion of leafrollers parasitised was more 
than twice as high among those collected from upper canopy leaves, compared with those 
from lower canopy leaves or bunches on vines in Marlborough, despite a greater 
abundance of leafroller larvae in the bunches (Chapter 4). This could indicate a habitat 
preference of D. tasmanica, which was responsible for almost all of the parasitism. If this 
is the case, the usefulness of this parasitoid for leafroller management in vineyards could 
be limited, because only leafrollers damaging grape bunches are of great concern to 
growers (Lo and Murrell, 2000). 
 
 
6.2.2 Feeding behaviour 
 
Both male and female D. tasmanica feed on nectar from flowers, which significantly 
increases their longevity compared with no food (Chapter 5). Based on personal 
observations, and experimental evidence from Irvin (1999), it is unlikely that this species 
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consumes pollen unless it is a contaminant in nectar or water droplets. Direct pollen 
feeding is thought to be rare among parasitic Hymenoptera (Jervis, Kidd and Heimpel, 
1996), and D. tasmanica individuals fed on pollen in the laboratory do not differ in their 
longevity or potential fecundity from those given water only (Irvin, 1999). Dolichogenidea 
tasmanica can also obtain nutrients from honeydew, and has been observed feeding from 
honeydew droplets on leaves (personal observation), although this may not provide 
sufficient nutrients for the production of normal offspring sex ratios (Chapter 5).  
 
Without food, female D. tasmanica are capable of attacking hosts in the laboratory at a 
similar rate to that of parasitoids provided with nectar (Chapter 5). However, longevity is 
reduced by up to 84 % without food, so the lifetime fecundity of this species is 
significantly lower if no food is available. Offspring sex ratio is also altered in favour of 
male production when D. tasmanica does not have access to food. Host-feeding is another 
way parasitoids can obtain nutrients (Jervis, Kidd and Walton, 1992). This has never been 
observed in D. tasmanica, and is unlikely to occur, based on behavioural observations 
(personal observation), although no formal investigation has been made.  
 
Very little is known about the feeding behaviour of D. tasmanica in the field, but based on 
laboratory studies, and increases in abundance when flowers are present in the field 
(Chapter 2, Irvin, Wratten and Frampton, 2000), it is likely that this species does seek out 
sources of nectar. How much nectar is required, how far this parasitoid will travel to find 
it, and whether it favours food searching over host searching when it is hungry (Lewis et 
al., 1998) are unknown. The longevity of D. tasmanica in the field is also unknown, but it 
is likely to be considerably less than the mean of 15 days (with food) found in the 
laboratory. Although the laboratory findings of this study (Chapter 5) are a valuable 
indication of the food requirements of D. tasmanica, these results cannot be extrapolated to 
the field. Here, where host density and food availability are low compared with laboratory 
environments, much more energy would be required for host and food searching. 
Therefore, the availability of nectar is likely to play an important role in the life of this 
parasitoid.  
 
The variable results from field studies in which flowers have been added to an 
agroecosystem (e.g., this study, Stephens et al., 1998; Irvin, 1999; Irvin, Wratten and 
Frampton, 2000) may indicate that many parasitoids are able to obtain sufficient food even 
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in environments that appear lacking in floral resources. Future studies might benefit from 
establishing whether or not food is indeed a limiting factor for target parasitoids before 
embarking on an attempt to add floral resources to the environment. However, establishing 
this would be difficult and costly, so a ‘try and see’ approach to the provision of floral 
resources, in the absence of any negative effects of planting flowers, may be a more 
efficient method of assisting growers in increasing biological control. 
 
 
 
6.2.3 Sex ratio 
 
An interesting finding of this study was the role floral foods play in the production of the 
optimal sex ratio in D. tasmanica (Chapter 5). These laboratory studies suggested that this 
parasitoid will produce mostly male offspring unless nectar is available. This supports the 
use of floral resources in field situations, but it is likely that this result was, to some degree, 
an artefact of the laboratory environment. In the field, where parasitoids have the option to 
fulfil their food requirements by seeking out suitable food, there is no evidence that this 
male-biased situation occurs (Chapter 4). The consequences of this physiological need 
would, however, be the movement of parasitoids to suitable habitats. This finding may 
therefore demonstrate one of the mechanisms behind the increase in parasitoid abundance 
often found when flowers are present in the field (e.g., Boller, 1992; Mayse and O'Keefe, 
1993; Chaney, 1998; Irvin, Wratten and Frampton, 2000). 
 
 
6.3 Leafroller management in vineyards 
 
This study was not able to show conclusively that planting flowers in a vineyard can 
increase the efficacy of leafroller parasitoids, or increase biological control of leafrollers. 
There is, however, sufficient evidence to suggest that adding flowers to the vineyard 
environment can have a positive effect on leafroller parasitoid efficacy in certain 
situations. This is supported by previous work conducted in apple orchards (Stephens et 
al., 1998; Irvin et al., 1999; Irvin, Wratten and Frampton, 2000). This method, in 
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combination with other pest management techniques, could increase the efficacy of 
leafroller natural enemies sufficiently to reduce the impact of leafrollers in vineyards. To 
achieve this requires improved knowledge of leafroller biology in New Zealand vineyards, 
the development of economic thresholds, and further studies looking at the long-term 
impacts of habitat manipulation techniques on leafroller populations. 
 
 
 
6.3.1 Leafroller population regulation 
 
The identification of the factors that regulate leafroller populations is critical to the 
development of biological control for this pest in New Zealand vineyards. Evidence from 
life table studies conducted in Australia suggests that fluctuations in E. postvittana 
populations are influenced by the effects of climate, food and predation on egg production 
and first instar mortality, and that parasitoids such as D. tasmanica have little impact 
(Danthanarayana, 1983). In New Zealand, first instar mortality is also considered 
important, but the effects of predation and parasitism on the mortality of other instars are 
also thought to affect leafroller populations (Green, 1984; Tomkins, 1984). No conclusions 
can be reached from these studies regarding the importance of parasitoids, or predators, in 
leafroller population regulation. Having this information would allow a more targeted 
approach to enhancing natural enemies for leafroller management. 
 
 
6.3.2 Benefits and disadvantages of floral resources 
 
Adding floral resources to a vineyard environment could benefit more than just leafroller 
parasitoids. Predators may play an important role in leafroller regulation (Danthanarayana, 
1983), and some of these predators, such as lacewings and Ancistrocerus gazella, also feed 
from flowers (Harris, 1994a; Long et al., 1998). Other predators, such as spiders, earwigs, 
predatory mites and predatory bugs, could benefit from shelter or alternative prey provided 
by plants such as buckwheat or alyssum (Thomas, Wratten and Sotherton, 1991; Mayse 
and O'Keefe, 1993; Costello and Daane, 1998; Landis, Wratten and Gurr, 2000). More 
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research is required to assess the benefits of various plants to predators in New Zealand 
vineyards, and to determine if enhancement of predators in a cover crop translates to 
enhanced predator activity in the vines (Costello and Daane, 1998), and reduced pest 
populations. A recent review of the use of predators as biological control agents illustrates 
the scope for the use of habitat manipulation to enhance predator efficacy (Symondson, 
Sunderland and Greenstone, 2002). 
 
Cover crops that provide floral resources, or others that provide shelter or alternative prey, 
may also benefit the grower by altering conditions around the vine. Cover crops can be 
used to reduce soil erosion, improve soil structure, add nitrogen, manage soil moisture, 
improve trafficability and suppress weeds (Bugg et al., 1996). These potential roles of 
cover crops could be coordinated with benefits to natural enemies to produce tailored plant 
combinations that maximise benefits to the grower. This is being attempted by Pyne Gould 
Guinness Ltd. in the production of their ‘Dionysus’ range of seed mixes for vines and other 
fruit crops (Anonymous, 2001d). 
 
Planting cover crops in a vineyard, or in any crop type, can also have disadvantages. Some 
adult Lepidoptera take nectar from flowers (Kevan and Baker, 1984), and so the provision 
of floral resources for natural enemies can sometimes benefit the pest (Zhao et al., 1992; 
Baggen and Gurr, 1998). In the laboratory, the longevity and fecundity of E. postvittana 
were significantly greater when moths had access to alyssum flowers or honey, compared 
with water only (Irvin, 1999). Gu and Danthanarayana (1990) obtained similar increases in 
longevity when E. postvittana was given honey, but found no difference in fecundity 
between honey- and water-fed moths. They concluded that water intake was the most 
important factor for successful reproduction in these moths. It is unknown if this leafroller 
species, or any of the New Zealand endemic species, benefit from the presence of flowers 
in the field. If they do, there may be scope for the use of selective food plants, which 
benefit the natural enemy but not the pest, as has been suggested for the potato moth and 
its parasitoid Copidosoma koehleri (Baggen, Gurr and Meats, 1999; Baggen, Gurr and 
Meats, 2000). 
 
Leafroller larvae may also benefit from cover crop plants. Leafrollers are polyphagous 
(Suckling et al., 1998), and may feed on plants commonly found in or near vineyards and 
orchards, such as red clover (Trifolium pratense L.) white clover (T. repens L.), lucerne 
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(Medicago sativa L.), gorse, lupin (Lupinus albus L.), tree lupin (L. arboreus L.), broom 
and plantains (Plantago spp.) (Wearing et al., 1991). In laboratory choice tests, E. 
postvittana larvae ‘preferred’ apple leaves over buckwheat and clover leaves, and 
consumed a greater area and weight of apple leaves than of buckwheat, alyssum and 
phacelia (Irvin, 1999). In no-choice tests, a reduced proportion of E. postvittana survived 
to the adult stage on alyssum, buckwheat and phacelia compared with apple leaves (Irvin, 
1999). Although these cover crop species were not as favourable as apple for leafroller 
development, leafrollers are still capable of maturing on these host plants. No similar 
experiments have been conducted for grape leaves. Those wishing to use cover crops to 
enhance natural enemies of leafrollers should be aware of the potential benefits plants such 
as buckwheat and alyssum may provide to leafrollers. 
 
 
6.3.3 Floral resources in combination with other techniques 
 
The provision of floral resources alone is unlikely to improve leafroller control, but it 
could play a role in an integrated pest management (IPM) system, in combination with 
other biological, cultural or chemical control methods. Habitat manipulation can be used to 
provide resources, such as nectar, to classical biological control agents, possibly improving 
the success rate of such introductions (Gurr and Wratten, 1999). Inundative release 
methods, using Trichogramma egg parasitoids, have been developed for leafroller 
management in vineyards in Australia (Glenn and Hoffmann, 1997). The success of this 
type of system could be enhanced by the provision of floral resources, as floral food 
increases the efficacy of these parasitoids in the laboratory (Gurr and Nicol, 2000).  
 
Pesticide use could also be combined with the provision of floral resources to enhance 
leafroller management. There are selective insecticides available, such as Bt and 
tebufenozide, that have minimal impacts on natural enemies (Wigley and Chilcott, 1994; 
Anonymous, 1997), and so could be used in combination with biological control methods. 
Broad-spectrum pesticides can be used in such a way that their impact on natural enemies 
is minimised, by using them only where or when they are necessary, and at times that 
natural enemies are least vulnerable (Poehling, 1989; Ruberson, Nemoto and Hirose, 
1998). This requires frequent monitoring of pests and natural enemies, and extensive 
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knowledge of their biology and population dynamics. This information is often lacking, 
and the extra expense of monitoring has limited the use of this method in the past 
(Ruberson, Nemoto and Hirose, 1998). The rate of pesticide application can also 
sometimes be reduced. A reduction in pesticide dose can result in a greatly increased 
survival of natural enemies, compared with a smaller increase in herbivore survival rate 
(Poehling, 1989). This is due to a greater sensitivity of predators and parasitoids to toxic 
compounds, compared with that of herbivorous pests that have evolved to deal with toxic 
defence compounds produced by plants; i.e., the dose response curve for predators is 
steeper than that of their prey. 
 
There is great scope for the use of these methods in New Zealand vineyards, particularly as 
the small range of pests present reduces the complexity involved in the development of 
such a pest management system. Crop monitoring is now available for vineyards in some 
areas, and the Integrated Winegrape Production scheme encourages the use of integrated 
pest management systems. However, more research is needed to develop an effective 
strategy for managing leafrollers, and other pests, in vineyards. 
 
 
6.4 Implications for the New Zealand wine industry 
 
6.4.1 The leafroller problem 
 
The key question of interest to the wine industry arising from this project is whether 
planting flowers can reduce the damage caused by leafrollers in vineyards. The results of 
this project show that the most abundant leafroller parasitoid, D. tasmanica, does require 
nectar for optimum efficacy, but only limited evidence was obtained to demonstrate the 
benefits of adding flowers to a vineyard system. This may be because, in this project, floral 
enhancement experiments were conducted in the hope of rectifying an hypothesised lack of 
food resources available to the parasitoids. An alternative, and possibly more fruitful 
approach would have been to analyse the pest/natural enemy system in the vineyard to 
firstly determine what the economic thresholds are and what factors regulate leafroller 
populations, and then determine what features of the habitat could be manipulated to 
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enhance the action of these factors. This type of study would, of course, require more time 
and resources than were available to this project. 
 
Leafroller management in vineyards is closely tied to the issue of botrytis management. 
Botrytis frequently causes significant losses in grape crops (Fowler et al., 1999), and the 
role leafrollers play in increasing the impact of this fungus is the major concern in 
leafroller management (Lo and Murrell, 2000). Botrytis is a major concern only in wet 
years, when humidity is high as grapes are ripening (Bailey et al., 1997). Therefore, the 
requirements for leafroller control vary from season to season, depending on weather. In 
addition, if effective biological control methods are developed for botrytis (Fowler et al., 
1999; Hill, 2000), the need for leafroller management will be reduced. Future studies 
should take these factors into account. 
 
 
6.4.2 Marketing benefits 
 
World markets are increasingly demanding that food products, including wine, are 
produced in an environmentally friendly manner (Gregan, 2001). Satisfying these demands 
requires research into new production techniques, such as the use of floral resources to 
enhance biological control of pests. Although no firm conclusions can be reached from this 
project regarding whether or not planting flowers can reduce the impact of leafrollers in the 
vineyard, the development of this method can still benefit the New Zealand wine industry. 
By becoming involved in research of this nature, wine growers are demonstrating to buyers 
their commitment to improving the vineyard environment. Planting flowers in a vineyard 
provides visitors with tangible evidence of ‘sustainable’ practices, and the idea that the 
flowers are there to feed beneficial insects is an intuitively attractive one, increasing the 
‘feel good’ factor associated with the wine. This type of marketing could be very important 
to the wine industry, as wine is a luxury item, and is subject to fashion and brand 
positioning. The wine tourism industry (Hall, 2000) could also benefit, as the presence of 
flowers between vine rows could add to the aesthetics of a vineyard. 
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6.5 Recommendations for future research 
 
Since the initiation of this project in 1999, progress has been made towards filling in some 
of the gaps in the knowledge of leafroller biology in New Zealand vineyards. Lo and 
Murrell (2000) have investigated the effect of leafrollers on grape yields in Hawke’s Bay, 
and others are currently developing economic thresholds (Anonymous, 2001a). However, 
more research is required before habitat manipulation techniques, such as planting flowers, 
can be successfully applied to improve leafroller management. Ideally this would involve a 
coordinated study investigating the needs of the entire vineyard system. This could 
combine biological, cultural and chemical control, and habitat manipulation to best manage 
pests and diseases and enhance other aspects of vine management and nutrition. 
 
Within this broad scheme, there are specific areas that require more research to aid the 
development of leafroller management methods. Little is known about the ecology of 
leafrollers and their parasitoids in vineyards. Of particular value would be an analysis of 
the ability of existing parasitoids to reduce leafroller populations (especially at low 
leafroller abundance), and the impact predators have on this pest. This information could 
be used to determine if resident natural enemies are sufficient for leafroller management, 
or additional parasitoid introductions, or use of inundative techniques, are required. Once 
this is established, the needs of the natural enemies should be determined. This may lead to 
the use of cover crops or other habitat manipulation techniques to fulfil these needs. 
 
If floral resources are required, more work is needed to determine the ‘best’ flower species 
to use. This should include the evaluation of a wider range of species, including assessment 
of their nectar quality, flow and availability. Parasitoid movement in relation to floral 
resources is another area that requires research to assist with decisions on placement and 
spacing of flowers. In addition, research should include analysis of whether leafrollers or 
other pests benefit from the presence of cover crops, and what long term effects these 
cover crops have on leafroller populations. 
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6.6 Conclusions 
 
In this study it was shown that flowers are an important source of nutrients for adults of the 
leafroller parasitoid D. tasmanica, and that planting flowers, such as buckwheat and 
alyssum, in the vineyard can increase the abundance and parasitism rate of this species. 
However, results from the field were not conclusive because the flowers only marginally 
increased the abundance of male parasitoids, but not females, on sticky traps, and only 
increased parasitism rate at one of three vineyard sites. Also, flowers did not have an effect 
on the abundance of leafrollers via enhanced parasitism. These results may have been due 
to very low levels of leafroller abundance during the experiments, or because these 
parasitoids were not limited by a lack of floral food. Little is known about how these 
parasitoids satisfy their food requirements in the field, or if they can act to regulate 
leafroller populations in New Zealand. Further research is required to determine how 
habitat manipulation techniques, such as the provision of floral resources, can assist with 
leafroller management. This would ideally be done as part of a coordinated study looking 
at the requirements of all the natural enemies in the vineyard system, and their impacts on 
leafrollers and other pests. 
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9 APPENDICES 
 
 
Appendix 1: Weed species in flower in buckwheat and control plots at Squire Estate 
vineyard at some time between 19 November 1999 and 11 April 2000. 
 
Family Species Common name Buckwheat Control 
Asteraceae Crepis capillaris (L.) Wallr. hawksbeard * * 
Boraginaceae Echium vulgare L. viper’s bugloss * * 
Brassicaceae Capsella bursa-pastoris L. shepherds purse * * 
Chenopodiaceae Chenopodium album agg. fathen * * 
Fabaceae Trifolium arvense L. haresfoot trefoil  * 
 T. dubium Sibth. suckling clover  * 
 T. pratense red clover  * 
 T. repens L. white clover * * 
Fumariaceae Fumaria muralis Sond. ex Koch fumitory *  
Geraniaceae Erodium cicutarium L. storks bill * * 
 Geranium molle L. dove’s foot cranesbill * * 
Malvaceae Malva sylvestris L. large-flowered mallow * * 
Primulaceae Anagallis arvensis L. scarlet pimpernel * * 
Ranunculaceae Ranunculus parviflorus L. small-flowered 
buttercup 
 * 
Scrophulariaceae Veronica persica Poir. scrambling speedwell * * 
Solanaceae Solanum nigrum L. black nightshade * * 
Violaceae Viola arvensis Murr. field pansy  * 
 
 
Appendix 2: Sample ANOVA table used for the analysis of split-split plot, randomised 
block experiments: analysis of male D. tasmanica abundance on sticky traps (Chapter 2, 
Section 2.1). 
 
Source df Mean-square F-ratio P 
Treatment 1 1.125 5.294 0.083 
Block 4 0.168   
Error 4 0.212   
Side 1 0.045 2.250 0.172 
Side x Treatment 1 0.045 2.250 0.172 
Error 8 0.020   
Date 9 0.261 2.142 0.030 
Date x Treatment 9 0.114 0.936 0.496 
Date x Side 9 0.078 0.644 0.758 
Date x Treatment x Side 9 0.034 0.279 0.980 
Error 144 0.122   
 
